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Water & Sewage Works Presents Its 1956 R & D Number 


For the 23rd time 
Water & Sewage Works magazine is 


publishing an annual reference and data section. 


This 1956 Number, 
issued as a separate volume, continues 
the traditional intent of the publisher and the editors 


to produce a useful reference and information work. 


The Reference and Data Numbers 

are essentially handbooks on the management, maintenance, 
operation, and engineering fundamentals in the field of 
water and sewage works practices. These "handbooks" are 
divided into ten sections and each year the "handbook" is 
revised and updated with new articles and reference material 


published during the preceding year. 


Fundamental Articles 

of lasting interest and usefulness are reprinted 

in the Reference and Data Numbers at intervals of two 

to three years. This practice is followed to provide new 
subscribers with basic material for their libraries. 
Therefore, it is suggested that subscribers retain the last 
three Reference and Data Numbers in order to have a 


complete "handbook" on the subject of water and sewage works. 


Subscribers 
to water & Sewage Works receive the Reference and 


Data Numbers without extra charge. 


TABLE OF CONTENTS appears on page R-2 
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ALL 


COMPANIES LISTED IN BOLD FACE TYPE HAVE ADVERTISEMENTS IN THIS ISSUE. 


CLASSIFIED INDEX OF PRODUCTS 


For the Index to the Reference and Data Material, and the Index to Advertisers, See the Rear Section of this Issue. 


ACID SULFURIC AND 
HYDROCHLORIC 
Consolidated Chemical 
Diamond Alkali Co. 
Frontier Chemical Co. 
General Chemical Div. 
International Minerals & Chemi- 

cal Corp. 
Olin Mathieson Chemical Corp. 
Pennsylvania Salt Mfg. Co. 
Pennsalt of Washington 
Tennessee Corp. 

S. Rubber Co. 


Industries 


ACTIVATED ALUM 
General Chemical Div. 
Olin Mathieson Chemical Corp. 
Pennsylvania Salt Mfg. Co. 


ACTIVATED CARBON 

Fine Organics, Inc. 

Graver Water Conditioning Co. 
Infileo, Inc. 
Lakeside Engr. 
Stuart Corp 
Permutit Co. 
Pittsburgh Coke & Chemical Co. 
West Virginia Pulp and Paper 

Co 


Corp 


ACTIVATED SILICA 
GENERATORS 
Omega Machine Co. 


Wallace & Tiernan, Inc. 


AERATION APPARATUS 
American Water Softener Co., 
American Well Works 
Chicago Pump Co. 
Dorr-Oliver, Inc. 

General Filter Co. 

Graver Water Conditioning Co. 
Infileo, Ine 

Jeffrey Mfg. Co. 

Lakeside Engr. Corp. 

Pacific Flush Tank Co. 
Permutit Co. 

Smith & Loveless, Inc. 

Walker Process Equip., Inc 
Yeomans Bros. Co. 


Inc. 


AGITATORS 
American Water Softener Co., 
Dorr-Oliver, Inc. 
General Filter Co. 
Graver Water Conditioning Co. 
Hardinge Co., Inc. 
Infileo, Inc. 
Jeffrey Mfg. Co. 
F. B. Leopold Co., 
Link-Belt Co. 
Philadelphia Gear Works, 
Stuart Corp. 
Walker Process Equip., Inc 
Western Machinery Co. 
Worthington Corp. 


Inc. 


Inc. 


Inc. 


AIR BLOWERS 


Blowers, Air) 


(Sees 


AIR COMPRESSORS 


Compressors, Air) 


(See 


AIR RELIEF VALVES 
Darling Valve & Mfg. 
Eddy Value Co. 
Ludiow Value Mfg. 
Multiplex Mfg. Co. 
Rensselaer Valve Div. 
Simplex Valve & Meter Co. 


Co. 


Co. 


ALTERNATORS, ELECTRIC 
Allis-Chalmers Mfg. Co. 
Electric Machinery Mfg. 
Fairbanks Morse & Co. 
General Electric Co. 
Healy-Ruff Co. 
Smith & Loveless, 


Co. 


Inc. 


AMMONIA, ANHYDROUS 
AND AQUA 
Colambia-Southern Chemical Corp. 
General Chemical Div. 
John Wiley Jones, Co. 





Olin Mathieson Chemical Corp. 
Pennsylvania Salt Mfg. Co. 


Pennsalt of Washington 


AMMONIATORS 
American Water Sofener Co., Inc. 
Everson Mfg. Co. 
Fischer & Porter Co. 
Omega Machine Co. 
Proportioneers, Inc. 
Wallace & Tiernan Inc. 


ANTHRAFILT 
Anthracite Equipment Corp. 
Graver Water Conditioning Co. 
Infileo, Inc. 
Stuart Corp. 
Walker Process Equip., Inc. 


ARRESTERS, FLAME 
Pacific Flush Tank Co. 


ASH AND COAL HANDLING 
MACHINERY 
Beaumont Birch Co. 
Bucyrus-Erie 
Chain Belt Co. 
Jeffrey Mfg. Co. 
Link-Belt Co. 
Oliver Corp 
Stuart Corp. 


BAR SCREENS 


(See Screens, Sewuge) 


| BINS, STORAGE 


Beaumont Birch Co. 

Bethlehem Steel Co. 

Graver Water Conditioning Co. 
Jeffrey Mfg. Co. 

Natco Corp. 

Nooter Corp. 

Pittsburgh—Des Moines Steel Co. 
Preload Co., Ine. 


| BITU - S COATINGS AND 


| BLOWERS 





LINI 
Alco , a Inc. 
The Carborundum Co. 
Chemical Fire & Rust Proofing 
Co. 
Colonial Plastics Mfg. Co. 
Hercules Powder Co. 
Johns-Manville 
— rs Co., Inc. 
Ww. Mortell Co. 
Philadelphia Quartz Co. 
Pittsburgh Coke & Chemical Co. 
Presstite-Keystone Engr. Prod- 
ucts Co. 


POWDER 
Hypochlorite) 


BLEACHING 
(See Calcium 


AIR, GAS 
Allis-Chalmers Mfg. Co. 
Chicago Pump Co. 

De Laval Steam Turbine Co. 
Homelite Div. 


Roots-Connersville Blower Div. 


BOILER BREECHINGS 
(See Breechings, Steel) 


BOILER FEEDWATER TREAT- 
MENT AND EQUIPMENT 
Aleo Products Inc. 
Allis-Chalmers Mfg. Co. 
a Water Softener Co., 

ne. 
Builders-Providence, Inc. 
Chemical Equipment Co. 
Fischer & Porter Co. 
General Filter Co. 
Graver Water Conditioning Co. 
Infileo, Inc. 
Lakesid@ Engr. Corp. 
Permutit Co. 
Phipps & Bird, Inc. 
Proportioneers Inc. 
Roberts Filter Mfg. Co. 
Wallace & Tiernan Inc. 





| 


BOILERS, GAS 
Combustion Engineering Inc. 


BOXES, VALVE AND METER 
(See Valve Boxes; Meter Boxes) 


BRASS GOODS 
W. S. Darley & Co. 
Grinnell Company 
Mueller Co. 


BREECHING, STEEL 
Bethlehem Steel Co. 

Hammond Iron Works 

Nooter Corp. 

Pittsburgh-Des Moines Steel Co. 


BUCKET ELEVATORS 
(See Conveyors and Conveying 
Equip.) 


BU tg 5 UTIONS AND 
TABL 


Phone nd Inc. 
. A. Taylor & Co. 


BUTTERFLY VALVES 


(See Valves, Butterfly) 


| CABLE, ELECTRIC 


| 
| 
| 


General Electric Co. 
U. S. Rubber Co. 


CABLE, FLEXIBLE 
Bailey Meter Co. 
Builders-Providence Inc. 


| 
CALCIUM HYPOCHLORITE 





| CATHODIC 


| CAULKING 
T 


CARBONATORS 


CASTINGS, 


Columbia Southern Chemical Div. 
John Wiley Jones Co. 

Olin Mathieson Chemical Corp. 
Pennsylvania Salt Mfg. Co. 
Pennsalt of Washington 
Proportioneers, Inc. 


CARBON-ACTIVATED 
(See Activated Carbon) 


(Recarbonation) 


American Well Works 

General Filter Co. 

Graver Water Conditioning Co. 
Infileo, Inc. 

Lakeside Engr. Corp. 

F. B. Leopold Co., Inc. 
Permutit Co. 

Smith & Loveless, Inc. 

Walker Process Equip., Inc 


IRON, STEEL, 
ALLOY STEEL, ETC. 


ACF Industries, Inc. 

Bethlehem Steel Co. 

American Cast Iron Pipe Co. 

Cast Iron Pipe Research Assn. 

Chain Belt Co. 

Filer & Stowell Co 

Hardinge Co., Inc. 

Jeffrey Mfg. Co. 

Link-Belt Co. 

United States Pipe & Foundry 
Co. 


PROTECTIVE 

SYSTEMS 

Chemical 
Corp. 

Electro 

Smith & Loveless, 


Fire & Rust Proofing 


Rust-Proofing Corp. 
Inc. 


MACHINES AND 
OOLs 

Mueller Co. 
Joseph G. Pollard Co., Inc 
CEMENT ASBESTOS PIPE 


Johns-Manville 
Keasbey & Mattison Co. 


W.&S. 


).—REFERENCE & DATA 


| CEMENT GUN 


Cement Gun Co. 


| CEMENT LINING OF PIPE 


Cast Iron Pipe Research Assn. 

Centriline Corp. 

Chemical Fire & Rust Proofing 
Corp. 

James B. Clow & Sons 


“EMENTS, ACID PROOF AND 
ALKALI 
a? | 

W. Mortell Co. 


BF nen Salt Mfg. Co. 


‘EMENTS, REFRACTORY 


The Carborundum Co. 
Johns-Manville 


‘EMENTS, SEWER PIPE 

Hydraulic Development Co. 

Johns-Manville 

Preastite-Keystone Eng. Products 
Co, 

Price Bros. Co. 


‘EMENTS, WATER MAINS 
Hydraulic Development Co. 
Price Bros. Co. 


‘HAINS (Elevating, Conveying and 
Power Transmission) 

Beaumont Birch Co. 

Chain Belt Co. 

Hydraulic Development Co. 
Jeffrey Mfg. Co. 

Link-Belt Coe. 


‘HEMICAL CONTROL EQUIP. 
(See Laboratory Apparatus and 
Reagents) 


“HEMICAL, CONVEYING 
EQUIPMENT 

Beaumont Birch Co. 
Chain Belt Co. 

Colonial Plastics Mfg. Co. 
Infileo, Ine. 

Jeffrey Mfg. Co. 
Link-Belt Co. 

U. S. Rubber Co. 


‘HEMICAL FEEDING AND 
PROPORTIONING EQUIP. 
American Water Softener Co., 
Inc 

Bailey Meter Co. 

Beaumont Birch Co. 

Builders-Providence, Inc. 

Chemical Equipment Co. 

Control Corp. 

Everson Mfg. Co. 

Fischer & Porter Co. 

General Filter Co. 

Graver Water Conditioning Co. 

Infileo Ine. 

Jeffrey Mfg. Co. 

Komline-Sanderson Engineering 
Corp. 

Lakeside Engr. Corp. 

F. B. Leopold Co., Ine. 

Modern Swimming Pool Co., 

Omega Machine Co. 

Permatit Co. 

Proportioneers, 

Taller & Cooper, 

Wallace & Tiernan, 


Ine. 


Inc. 
Inc. 
Inc. 


SHLORINATORS 

American Water Softener Co., 
Inc. 

Builders-Providence, Inc. 

Chemical Equipment Co. 

Everson Mfg. Co. 

Fischer & Porter Co. 

Modern Swimming Pool Co., Ine. 

Olin Mathieson Chemical Corp. 

Proportioneers, Inc. 

Wallace & Tiernan, Inc. 


—1956 
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CHLORINE CONTROL EQUIP. 
See Residua!) Chlorine Control) 
CHLORINE 


(See 


DIOXIDE 


Sodium Chlorite) 


CHLORINE, LIQUID 
Columbia-Southern Chemical Corp. 
Diamond Alkali Co 
Frontier Chemical Co. 
John Wiley Jones Co. 
International Minerals & 

cal Corp. 
Modern Swimming Pool Co., Inc 
Olin Mathieson Chemical Corp. 
Niagara Alkali Co 
Pennsylvania Salt 
Pennsalt 


Chemi- 


Mfg 
of Washington 


Co. 


CLAMPS 
James B 
w. 8 
Dresser 
Mue'ler 
{ 


5. R 


AND SLEEVES, 
Clow & Sons 

Darley & Co 

Mfg. Div 

Lo 

bbher Ce 


PIPE 


CLAMPS, 
James B 
w.s 
Dresser 


M. B 


BELL JOINT 
Clow & Sons 
Darley & Co. 
Mfg. Div 


Skinner Co 


CLAMPS, 


James B 
wW.8 


Dresser 


PIPE REPAIR 
Clow & Sons 
Darley & Co 

Mfg. Div 
Mueller Co 
M. B 


Skinner Co 


CLARIFIERS, SEWAGE AND 
WATER 


American 
Ine 

American Well Works 

Chain Belt Co. 

Chicage Pump Co. 

Dorr-Oliver, Ine. 

General Filter Co. 

Graver Water Conditioning Co. 

Hardinge Co., Inc. 

Infileo, Ine 

Jeffrey Mfg. Co. 

Lakeside Engr. Corp 

Link-Belt Co. 

Permatit Co. 

Walker Process Equip., Inc. 

Yeomans Bros. Co. 


Water Softener Co., 


CLAY 


See 


PIPE 
Vitrified Clay Pipe and Prod- 


ucts 


CLEANING 
Flexible 
Flexible 
National 
National 

( 
*hely 


WATER MAINS 
Pipe 
Ine 

Power 


Water 


Cleaning Co. 


Rodding Corp. 
Main Cleaning 


Dodge Refining Corp 


COAGULATING 
The 
Chemical 


AIDS 
irborundum Co. 
Fire & Rust Proofing 
Cort 

Dorr-Oliver, Ine. 

Infileo, Inc 

Link-Belt Co. 

Modern Swimming Pool Co., 
Pennsylvania Salt Mfg. Co 
Philadelphia Quartz Co. 
Wallace & Tiernan, Inc. 


Ine 


COAL AND ASH HANDLING 
MACHINERY 
Ash and Coal Handling Ma- 


hinery 


See 


COATINGS, ACID 
ALKALI-PROOF 


Amercoat 


AND 


Corp 


Chemical Fire & Rust 
Corp 


Colonia 


Proofing 
Co 
Co 


Ine 


Plastics Mfg 
Hamilt Kent Mfg 
Hercules Powder Co 
Johns-Manville 
Koppers Co., Ine 

J. W. Mortell Co 
Pennsylvania Salt Mfg. Co 
Pittsburgh Coke & Chemical Co. 
Smith & Loveless, Inc. 

U. S. Rubber Co 





Ww &S.w REFERENCE DATA 


COATINGS AND LININGS 


COCKS (Curb, Meter, Corp. ete.) 


‘ONCRETE BREAKERS 


‘ONCRETE HARDENER 


‘ONCRETE MIXER 


‘ONDENSERS 


‘ONTRACTORS 


‘ONTROLLERS FLOW, 


Foxboro Co. 

General Electric Co. 

General Filter Co. 

Healy-Ruff Co. 

Infileo, Inc. 

Leupold & Stevens 
Ine. 

Minneapolis-Honeywell Regulator 
Co. 

Simplex Valve & Meter Co. 

Smith & Loveless, Inc. 


(See Bituminous Coatings and 
Linings) 


Instruments, 


Crane Co 

Dezurik Shower Co. 
Homestead Valve Mfg. Co 
Mueller Co. 


‘OLLECTORS (Sludge) 
(See Sludge Collectors) 


CONVEYORS AND CONVEYING 
EQUIPMENT 
American Well Works 
Beaumont Birch Co. 
Builders-Providence, Inc. 
Chain Belt Co. 
Gruendler Crusher & Pulverizer 


Co. 
Jeffrey Mfg. Co. 
Link-Belt Co. 
Morse Boulger Destructor Co. 
Oliver Corp. 
Omega Machine Co. 
Philadelphia Gear Works, Inc. 
Stuart Corp. 
Walker Process Equip., Inc. 


‘OLORIMETERS 


(See Photoelectric Colorimeters) 


‘OMBUSTION INDICATORS AND 
RECORDERS 

Bailey Meter Co. 
Arnold O. Beckman, 
Control Corp. 
Fischer & Porter Co. 
Minneapolis-Honeywell 

Co 
Permatit Co. 
Taller & Cooper, Inc. 


Ine. 
| 
Regulator 


COPPER SULFATE 

Phelps Dodge Refining Corp. 
‘OMMINUTING DEVICES Tennessee Corp. 
American Well Works 
Chain Belt Co. 
Chicago Pump Co. 
Infileo, Ine 
Worthington Corp. 


COPPER TUBING AND 
RED BRASS PIPE 
Mueller Co. 


OMPARATORS, COLOR 
Phipps & Bird, Inc. 
W. A. Taylor & Co 
Wallace & Tiernan Inc. 


CORPORATION AND CURB 
COCKS 
(See Cocks-Corp., Curb & Meter) 


CORROSION SUPPRESSION 
Amercoat Corp. 
Calgon, Inc. 

Chemical Fire & Rust 
Corp 

Electro Rust-Proofing Corp. 

Koppers Co., Inc 

J. W. Mortell Co. 

Mueller Co. 

Pittsburgh Coke & Chemical Co. 


OMPOUNDS, JOINT 


(See Jointing Compounds and 


Materials) Proofing 


OMPRESSORS, AIR 
Allis-Chalmers Mfg. Co. 

De Laval Steam Turbine Co. 
Le Roi Div., 

Multiplex Mfg. Co. 
Schramm inc. 

Worthington Corp. 

Yeomans Bros. Co. 


| COUPLINGS 
TIONS, PIPE 
A. M. Byers Co. 
James B. Clow & Sons 
Crane Co. 
Dresser Mfg. Div. 
Johns-Manville 
Mueller Co 


AND CONNEC- 


Le Roi Div 
Schramm, Inc. 
Worthington Corp. 


COUPLINGS, FLEXIBLE 
Chain Belt Co. 
James B. Clow & Sons 
De Laval Steam Turbine Co. 
Hamilton Kent Mfg. Co. 
Jeffrey Mfg. Co. 
Johns- Manville 

Chain Belt Co. Link-Belt Co. 

Worthington Corp. U. S. Rubber Co. 


Philadelphia Quartz Co. 


Standard Dry Wall Products, Inc 


ONCRETE PIPE 
(Water and Sewage) 


CULVERT PIPE 


(See Pipe, Culvert) 

American Concrete Pipe Assn 

American Concrete Pressure Pipe 
Assn. 

American Vitrified Products Co. 

Lock Joint Pipe Co 

Portland Cement Assn. 

Price Bros. Co. 


CURB, BOXES 
Alabama Pipe Co. 
James B. Clow & Sons 
Filtration Equipment Corp. 
Mueller Co. 


EQUIPMENT 


(Steam) 

Alco Products, Inc 
Allis-Chalmers Mfg. Co. 
Economy Pumps, Inc. 
Worthington Corp. 


DECHLORINATING 
AND CHEMICALS 


American Water Softener Co., 
ne 

Chemical Equipment Co. 

General Chemical Div. 

Graver Water Conditioning Co. 

Infileo, Ine. 

Omega Machine Co. 

Permutit Co. 

Proportioneers, 

Tennessee Corp. 

Wallace & Tiernan, 


(Water and 

age Work) 

Layne & Bowler, Inc 

F. B. Leopold Co., 

Preload Co., Inc. 

Ranney Methoc 
Inc. 


Inc. 

Inc 

Inc. 

Water Supplies, 

DE-MINERALIZATION 
EQUIPMENT (Water) 
Allis-Chalmers Mfg. Co.” 
American Water Softener 

Ine 
Chemical Equipment Co. 
Dorr-Oliver, Ine. 
General Filter Co. 
Graver Water Conditioning Co. 


LEVEL, 
PRESSURE, TEMPERATURE 
Bailey Meter Co. 

Ernest Bernard Elec. Co 
Builders-Providence, Inc. 

Control Corp. 

Fischer & Porter Co. 


Co., 


1956 





Infileo, Inc. 
Lakeside Engr. Corp. 
Layne & Bowler, Inc. 
Permutit Co. 

Phipps & Bird, Inc. 


Ch leal 





DEODORIZING 
(Service, Equip 
ete.) 


Airkem, Inc. 
American Water Softener Co., 


Inc. 
Chemical Equipment Co. 
Columbia-Southern Ch 





ical Corp. 
Ine. 


Corp. 
Chemical Corp. 


Fine Organics, 
Lakeside Engr. 
Olin Mathieson 
Permutit Co. 
Reliance Chemicals Corp. 
Wallace & Tiernan, Inc. 

West Virginia Pulp & Paper Co 


DIATOMITE FILTER SEPTUMS 
American Water Softener Co., 
Inc. 
Carborundum Co. 
Dorr-Oliver, Inc. 
General Filter Co. 
Graver Water Conditioning Co. 
Infileo, Inc. 
Edward E. Johnson, Inc. 
Lakeside Engr. Corp. 
Permutit Co. 
Proportioneers, Inc. 


DIESEL ENGINES 
(See Engines, Diesel) 


DIFFUSERS—PLATES, 
AND FITTINGS 
American Well Works 
The Carborundum Co. 
Chicago Pump Co. 

Filtros, Inc. 

Infileo, Inc. 

Link-Belt Co. 

Pacific Flush Tank Co. 
Walker Process Equip., Inc. 


DIGESTER EQUIPMENT (Sludge) 
American Well Works 
Chicage Pump Co. 
Dorr-Oliver, Inc. 
Hardinge Co., Inc. 
Infileo, Inc. 

Jeffrey Mfg. Co. 

Lakeside Engr. Corp. 
Pacific Flush Tank Co. 
Walker Process Equip., Inc. 
Yeomans Bros. Co. 


DISTRIBUTORS (Sewage Filter) 
American Well Works 
Dorr-Oliver, Inc. 

Infileo, Ine. 

Lakeside Engr. Corp. 
Pacific Flush Tank Co. 
Smith & Loveless, Inc. 
Walker Process Equip., Inc. 
Yeomans Bros. Co. 


DRAINS, GUTTER, FLOOR 
Chemical Equipment Co. 
James B. Clow & Sons 
Modern Swimming Pool Co., Inc. 


DRILLING AND BORING 
EQUIPMENT 
Bucyrus-Erie 
Layne & Bowler, Inc 
Mueller Co. 

Schramm Inc. 
Worthington Corp. 


DRIVES, CHAIN 
(See Chains) 


DRIVES, RIGHT ANGLE GEAR 
De Laval Steam Turbine Co. 
Link-Belt Co. 

Payne Dean & Co. 
Philadelphia Gear Works Inc. 
U. S. Electrical Motors, Inc. 


DRIVES, V-BELT 
Allis-Chalmers Mfg. Co. 
Link-Belt Co. 
Worthington Corp. 


DRYING SYSTEMS (Sludge) 
Allis-Chalmers Mfg. Co. 
Beaumont Birch Co. 








ALL COMPANIES LISTED IN BOLD FACE TYPE HAVE ADVERTISEMENTS IN THIS ISSUE. 


Combustion Engineering, Inc. 

Hardinge Co., Inc. 

Komline-Sanderson Engineering 
Corp. 

Link-Belt Co. 

Morse Boulger Destructor Co. 

Reliance Chemicals Corp. 


EARTH MOVING EQUIPMENT 
Allis-Chalmers Mfg. Co. 
Bucyrus-Erie Co. 

Oliver Corp. 


EJECTORS, 
STEAM 
Blackburn-Smith Mfg. Co., 
Chicago Pump Co. 

Economy Pumps, Inc. 
Lakeside Engr. Corp. 
Smith & Loveless, Inc. 
Worthington Corp. 
Yeomans Bros. Co. 


PNEUMATIC or 


Inc. 


ELECTRICAL CONTROL 
EQUIPMENT 
Allis-Chalmers Mfg. Co. 
Builders-Providence Inc. 
Control Corp. 

Fischer & Porter Co. 
Foxboro Co. 

General Electric Co. 
General Filter Co. 
Hammarlund Mfg. Co. 
Healy-Ruff Co. 
Minneapolis-Honeywell Regulator 
Co. 

Omega Machine Co. 

Smith & Loveless, Inc. 

Taller & Cooper, Inc. 

Westinghouse Electric Corp. 


ELECTRICALLY OPERATED 
GATE VALVES 
(See Valves, Motor Operated) 


ELEVATING AND CONVEYING 
EQUIPMENT 
(See Conveyors 

Equipment) 


and Conveying 


ENGINE-GENERATOR UNIT 
Alco Products Inc. 
Allis-Chalmers Mfg. Co. 

Climax Engine & Pump Mfg. Co 


Fairbanks Morse & Co. 
Homelite Div. 

Le Roi Div., 

White Diesel Engine Div. 
Worthington Corp. 


ENGINES DIESEL 
Alco Products Inc. 
Allis-Chalmers Mfg. Co. 
Fairbanks Morse & Co, 
Oliver Corp. 
White Diesel Engine Div. 
Worthington Corp. 


ENGINES, DUAL FUEL 
Alco Products Inc. 
Allis-Chalmers Mfg. 
Fairbanks Morse & 
Le Roi Div. 

White Diesel Engine Div. 
Worthington Corp. 


Co. 
Co. 


ENGINES (Gas and Gasoline) 
Allis-Chalmers Mfg. Co. 
Climax Engine & Pump Mfg. Co 
Fairbanks Morse & Co. 
Le Roi Div. 
Oliver Corp. 
White Diesel Engine Div. 
Worthington Corp. 


ENGINES, SLUDGE GAS 
Climax Engine & Pump Mfg. Co 
Fairbanks Morse & Co. 
Le Roi Div. 
White Diesel Engine Div. 
Worthington Corp. 


EXHAUSTERS, AIR 
(See Pump, Vacuum) 

EXPANSION JOINTS—PIPE 
(See Joints —-Expansion, Pipe) 

FANS, EXHAUST AND 
VENTILATING 


Jeffrey Mfg. Co. 
Westinghouse Electric Corp 


FEED, CHEMICAL 
(See Chemical 
ment) 


Feeding Equip- 


FEED WATER HEATERS AND 
FILTERS 
Aleo Products, Inc. 
Allis-Chalmers Mfg. Co. 
- —“one Water Softener 

ne 

Graver Water Conditioning Co. 
Infileo, Inc. 
Lakeside Engr. 


Co., 


Corp. 


FENCE (Chain Link) 
Continental Steel Co. 


FERRIC CHLORIDE 
Infileo, Inc. 
Omega Machine Co. 
Pennsylvania Salt Mfg. Co. 
Pennsalt of Washington 
Proportioneers, Inc. 


FERRIC CHLORIDE FEEDERS 


(See Chemica] Feed and Propor- 
tioning Equipment) 


| FERRIC SULPHATE 
Tennessee Corp. 


FIBRE PIPE 


(See Pipe, 


Fibre) 


FILTER AIDS 
Johns-Manville 
Modern Swimming Poo! Co., Inc 
Proportioneers, Inc. 
U. S. Rubber Co. 





| FILTER ALUM 
Consolidated Chemical Industries 
General Chemical Div. 
Koppers Co., Inc. 
Modern Swimming Pool Co., 
Pennsylvania Salt Mfg. Co. 


Inc. 


FILTER EQUIPMENT 
Allis-Chalmers Mfg. Co. 
American Well Works 
~~ Water Softener Co., 

ne. 
Builders-Providence Inc. 
Chemical Equipment Co. 
Dorr-Oliver, Inc. 
Everson Mfg. Co. 
Filtration Equipment Corp. 
Fischer & Porter Co, 
General Filter Co, 
Glenfield & Kennedy, Inc. 
Graver Water Conditioning Co. 
Hardinge Co., Inc. 
Infileo, Ine. 
Lakeside Engr. Corp. 
Layne & Bowler, Inc. 
F. B. Leopold Co., Ine. 
Millipore Filter Corp. 
Modern Swimming Pool Co., Inc. 
Pacific Flush Tank Co. 
Permutit Co. 
Proportioneers, Inc. 
Robert Filter Mfg. Co. 
Simplex Valve & Meter Co. 
Smith & Loveless, Inc. 
Stuart Corp. 
Walker Process Equip., Inc. 


| FILTER MEDIA 


American Water Softener Co., 
| ne. 

Anthracite Equipment Corp. 
The Carborundum Co. 

Graver Water Conditioning Co. 
Infileo, Inc 
Johns-Manville 
Edward E. Johnson, 
Permutit Co. 
Proportioneers, 
Stuart Corp 


Inc. 


Inc. 


FILTER PLATES AND TUBES 
American Well Works 
The Carborundum Co 
Colonial Plastics Mfg 
Filtros, Inc 


Co 


FILTER RATE CONTROLLERS 
AND GAGES 
(See Rate Controllers) 





FITTINGS, PIPE, SOLDER TYPE 





FILTER UNDERDRAINS, 
SEWAGE 
American Well Works 
The Carborundum Co. 
Filtros, Inc. 
Infileo, Ine. 
Natco Corp. 
Walker Process Equipment, Inc. 


FILTER UNDERDRAINS, 
WATER 


American Water Softener Co., 
ne. 

The Carborundum Co. 

Filtration Equipment Corp. 

Filtros, Inc. 

General Filter Co. 

Graver Water Conditioning Co. 

Infileo, Ine. 

Lakeside Engr. Corp. 

F. B. Leopold Co., Inc. 

M-C-G Co. 

National Clay 

Permutit Co. 

Roberts Filter Mfg. Co. 

Stuart Corp. 

Walker Process Equip., Inc. 


Pipe Mfrs. Assn 


FILTERS VACUUM 
Chicago Bridge & Iron Co. 
Dorr-Oliver, Inc. 
Komline-Sanderson Engineering 
Corp. 
Morse Bros. Mach. 
Proportioneers, Inc. 


Co 


Crane Co. 
Grinnell Co. 


FITTINGS, TEES, ELLS, 
Alabama Pipe Co. 
Aleo Products, Ince. 
American Cast Iron Pipe Co. 
Cast Iron Pipe Research Assn. 
James B. Clow & Sons 
Colonial Plastics Mfg. Co. 
Continental Can Co. 
Crane Co 
Dresser Mfg. Div. 
Grinnell Company 
M. H. Valve & Fitting Co. 
Mueller Co 
United States 

Co. 

R. D. Wood Co. 


ETC. 


Pipe & Foundry 


FLASH MIXING EQUIPMENT 
(See Mixers and Mixing Equip- 


ment) 


FLEXIBLE JOINTS 
(See Joints, Flexible Pipe) 


FLOATING COVERS 
Chicago Pump Co. 
Infileo, Ine. 
Pacific Flush Tank Co. 
Pittsburgh-Des Moines Steel 
Walker Process Equip., Inc. 


(Digester) 


Co. 


*LOCCULATING 
Water 


EQUIPMENT 

American Softener Co., 
ne 

American Well 

Chain Belt Co. 

Chicago Pump Co. 

Dorr-Oliver, Inc. 

General Filter Co. 

Graver Water Conditioning Co. 

Hardinge Co., Inc. 

Infileo, Ine 

Jeffrey Mfg. Co. 

Lakeside Engr. Corp. 

Link-Belt Co. 

F. B. Leopold Co., 

Permuatit Co. 

Reliance Chemicals Corp. 

Roberts Filter Mfg. Co. 

Smith & Loveless, Inc. 

Stuart Corp. 

Walker Process Equip., Inc. 


Works 


Inc. 


FLOW METERS 
Bailey Meter Co. 
Builders-Providence, 
Chicago Pump Co. 
Fischer & Porter Co. 
Foster Engineering 
Foxboro Co. 

Infileo, Inc 
Leupold & Stevens 
Ine 





Inc. 
Co. 


Instruments, 


W.&S. W. 


R-5 


Minneapolis-Honeywell Regulator 
Co. 

Simplex Valve & Meter Co. 

Sparling Meter Co., Inc. 


FLOORING 


(See Gratings) 


FLOW RECORDERS 
(See Rate of Flow Recorders) 


REGULATORS 
Rate of Flow Controllers) 


FLOW 


(See 


FLUMES, IRON AND STEEL 


Bethlehem Steel Co. 
Filtration Equipment Cerp. 
Simplex Valve & Meter Co. 


FLUORIDATION CHEMICALS 
Chemical Equipment Co. 
International Minerals & Chemi- 

cal Corp. 
John Wiley Jones Co. 
General Chemical Div. 
Tennessee Corp. 


FLUORIDATION EQUIPMENT 
Chemical Equipment Co. 
Fischer & Porter Co. 
Infileo, Ine. 

Omega Machine Co. 
Proportioneers, Inc. 


Wallace & Tiernan, Inc. 


FORMS AND GASKETS FOR 
PIPE JOINTS 
Johns-Manville 
Presstite-Keystone Engr. Products 


Co, 
U. S. Rubber Co. 


FURNACES (Melting, Pouring, 
Ladies, Pots, Etc.) 
W. S. Darley & Co. 
Hydraulic Development Corp. 
Joseph G. Pollard Co., Inc. 
Westinghouse Electric Corp. 


GAGES (Liquid Level, Pressure 

Recording) 

Bailey Meter Co. 

Builders-Providence, Inc. 

Crane Co. 

Fischer & Porter Co. 

Foxboro Co. 

Healy-Ruff 

Infileo, Inc. 

Leupold & Stevens 
Ine 

Minneapolis-Honeywell Regulator 
Co. 

Pacific Flush Tark Co. 

Simplex Valve & Meter Co. 

Sparling Meter Co., Ine. 

Wallace & Tiernan, Inc. 


Co. 


Instruments, 


GARBAGE GRINDERS 


(See Grinders) 


GAS DIFFUSERS 
American Well Works 
Carborundum Co, 
Chicago Pump Co. 
Filtros, Ine. 
General Filter Co. 
Infileo, Inc. 
Walker Process Equip., Inc. 


GAS ENGINES 


(See Engines, Gas) 


GAS HOLDERS 
Bethlehem Steel Co. 
Chicago Bridge & Iron Co. 
Chicago Pump Co. 
Dorr-Oliver, Ine. 
Pacific Flush Tank Co. 
Pittsburgh-Des Moines Steel Co. 
Walker Process Equip., Inc. 


| GAS INDICATOR AND 


DETECTORS 

Bailey Meter Co. 
Fischer & Porter Co. 
General Electric Co. 
Taller & Cooper, Inc. 
Wallace & Tiernan Inc. 
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R-6 
GATES, SHEAR 

Chapman Valve Mfg. Co. 
James B. Clow & Sons 
Eddy Valve Co. 
Filtration Equipment Corp. 
lowa Valve Co. 

Lakeside Engr. Corp. 

Ludlow Valve Mfg. Co., Inc. 
M. & H. Valve & Fitting Co. 
Mueller Cu 

Stuart Corp 


Washington Aluminum Co., Inc. 


ATES, 


Chapman 


SLUICE 

Valve Mfg. Co. 
Filer & Stowell Co. 
lowa Valve Co 

Ludlow Valve Mfg. Co., 
8S. Morgan Smith Co. 
Morse Bros. Mach. Co. 
Mueller Co 

Rensselaer Valve Div. 
Stuart Corp 


Washington 


Inc. 


ATE VALVE OPERATOR 
Valve Mfg. Co. 
Corp. 

Valve & Mfg. Co. 
Payne Dean & Co. 

Eddy Valve Co 

Fischer & Porter Co. 

Hagan Corp 

Infileo, Ine 

lowa Valve Co 

F. B. Leopold Co., Ine. 
Ludlow Valve Mfg. Co., Ine. 
Mueller Co 

Philadelphia Gear Works, Inc. 
Taller & Cooper, Inc. 


Chapman 
Control 
Darling 


GATE VALVES 


See Valves, Gate) 


GEARS, SPEED REDUCING 
De Laval Steam Turbine Co. 
Link-Belt Co. 
Paltadeiphte Gear Works, Inc. 
S. Electrical Motors, Inc. 
Went inghouse Electric Corp 
Worthington Corp. 


GEIGER COUNTERS 
Computer 
Joseph G 


Measurements Corp. 
Pollard Co., Ine 


GENERATOR SETS, 
DIESEL ENGINES 


See Engine 


GAS AND 


Generating Units) 


GENERATORS 
Allis-Chalmers 
Electric Mach. Mfg. Co. 
Fairbanks Morse & Co 

Electric Co 

Homelite Corp 

Le Roi Div 

Westinghouse 

Worthington 


(Electric) 
Mfg. Co, 


General 


Electric 
Corp. 


Corp 


GOOSENECKS 
Grinnell ¢ 


Mueller Ce 


ompany 


GRATINGS, 
RAILINGS 
Borden Metal Products 
Hollaender Mfg. Co 
Johns-Manville 
U. S. Rubber Co 
Washington Aluminum Co 


GREEN SAND 
Chemical Equipment Co. 
Graver Water Conditioning Co 
Infileo, Ine 
Lakeside Eng. Corp 
Permutit Co. 


GRINDERS, GARBAGE 
SCREENINGS 
American Well Works 
Chain Belt Co 
Deorr-Oliver, Inc 
General Electric Co 


wher & 


AND 


(_,ruen er (Fr 
Co 

Jeffrey Mfg. Co. 

Walker Process Equip., Inc. 


Pulverizer 


W.&S.W REFERENCE & 


Aluminum Co., Ine 





FLOORING, TREADS, 


DATA 


GRIT CHAMBER EQUIPMENT 
AND GRIT WASHERS 
American Well Works 
Beaumont Birch Co. 

Chain Belt Co. 

Chicago Pump Co. 
Dorr-Oliver, Inc. 

Graver Water Conditioning Co. 
Infileo, Ine. 

Jeffrey Mfg. Co. 

Link-Belt Co. 

Stuart Corp. 

Walker Process Equip. inc. 


GROUND KEY STOPS 
Ford Meter Box Co., Ine. 
Mueller Co. 
Safety Gas 

Ine 


Main Stopper 


GUNITING CONTRACTING 
Cement Gun Co 
Chemical Fire & 

Corp 


Rust Proofing 


HEATERS, DIGESTER 
Chicago Pump Co. 
Dorr-Oliver, Inc. 

Infileo, Ine 
Pacific Flush Tank Co. 
Walker Process Equip., Inc. 


HOSE, STEAM, 
SUCTION 
United 


AIR, WATER, 


States Rubber Co 


HYDRANTS 
James B 
Darling 
Eddy Valve Co 
Iowa Valve Co 
Ludlow Valve Mfg. Co., Ine. 
M. & H. Valve & Fitting Co. 
Mueller Co 
Rensselaer Valve Div. 

A. P. Smith Mfg. Co. 
R. D. Wood Co 


(Fire) 
& Sons 
& Mfg. Co. 


Clow 


Valve 


HYDRANT PUMPS 


(See Pumps, Hydrant) 


OPERATED 


HYDRAULICALLY 
GATE VALVES 


(See Valves, Gate) 


HYDROGEN ION EQUIPMENT 
(See pH Test Equipment) 
HYPOCHLORITES 


(See 


(High Test) 


Calcium Hypochlorite) 


HYPO-CHLORINATORS 


American Water Softener Co 
ne 

Chemical Equipment Co. 

Fischer & Porter Co. 

Olin Mathieson Chemical Corp. 

Omega Machine Co 

Proportioneers, Inc. 

Wallace & Tiernan, Inc. 


INCINERATORS 
Garbage) 
Beaumont Birch Co. 
Combustion Engineering, Inc. 
Morse Boulger Destructor Co. 
Pittsburgh-Des Moines Steel 


(Sludge and 


INDICATORS, LARGE 
DIAL ILLUMINATED 
Bailey Meter Co. 
Builders-Providence, Inc. 
General Filter Co. 
Healy-Ruff Co. 
Infileo, Ine 
Leupold & Stevens 

Ine 
Simplex Valve & Meter Co. 
Sparling Meter Co., Ine 


Instruments 


INSECTICIDES 
Columbia-Southern Chemical Corp 
Diamond Alkali Co. 
General Chemical Div. 
Koppers Company, Inc 
Pennsylvania Salt Mfg. Co 
Pennsalt of Washington 
U. S. Rubber Co 


1956 





INSERTING SLEEVES, VALVE 


James B. Clow & Sons 

lowa Valve Co. 

Ludlow Valve Mfg. Co., Inc. 
M. & H. Valve & Fittings Co. 
Mueller Co. 

A. P. Smith Mfg. Co. 


INSULATION 
A Manville 
W. Mortell Co. 


IRON SULFATE 


(See Ferric Sulfate, or Ferrous 


Sulfate) 


JOINTING COMPOUND AND 

MATERIALS 

W. S. Darley & Co. 

Grinnell Company 

Hydraulic Development Corp. 

Johns-Manville 

Keasley & Mattison Co. 

Koppers Company, Inc. 

Joseph G. Pollard Ce., Inc. 

Presstite-Keystone Engr. 
ucts Co. 


Prod- 


JOINTS, PIPE 


James B 
Crane Co 
Dresser Mfg. Div. 
Johns-Manville 


United States Rubber Co. 


EXPANSION— 
Clow & Sons 


JOINTS, FLEXIBLE PIPE 
American Vitrified Products Co. 
Cast Iron Pipe Research Assn. . 
James B. Clow & Sons 
United States Pipe & Foundry Co. 


JOINTS, MECHANICAL 
FLEXIBLE 

American Vitrified Products Co. 

James B. Clow & Sons 

Dresser Mfg. Div. 

Grinnell Company 

Hamilton Kent Mfg. Co. 

United States Pipe & Foundry 
Co. 


JUTE, 
Hydraulic 
Joseph G 


Development Corp. 
Pollard Co., Ine. 


LABORATORY APPARATUS 
REAGENTS AND EQUIPMENT 
Arnold O. Beckman, Inc. 
Bailey Meter Co. 

Beckman Instruments, Inc. 

Builders-Providence, Inc. 

Calgon, Ine 

Fischer & Porter Co. 

General Chemical Div., 
Chemical & Dye Corp. 

Hydraulic Development Corp 

Infileo, Ine 

Klett Mfg. Co 

F. B. Leopold Co., Ine. 

Millipore Filter Corp 

Minneapolis-Honeywell 
Co 

Mueller Co 

Phipps & Bird, Inc. 

Proportioneers, Inc. 

Taller & Cooper, Inc. 

W. A. Taylor & Co 

Wallace & Tiernan, Inc. 


Allied 


Regulator 


LEAK LOCATING INSTRUMENTS 
(See Water Leak Locating In- 
struments) 


LINING, TANKS 


(See Tanks, Lining) 


LIQUID CHLORINE 


(See Chlorine, Liquid) 


LOCATORS, BOX, PIPE AND 
VALVE 


Joseph G. Pollard Co., Inc 


LUBRICANTS, VALVE 
Mueller Co 
Rockwell Mfg. Co. 
U. S. Rubber Co 





BRAIDED AND TWISTED | 


ALL COMPANIES LISTED IN BOLD FACE TYPE HAVE ADVERTISEMENTS IN THIS ISSUE. 


MANHOLE FRAMES, COVERS 
H. W. Clark Co. 
James B. Clow & Sons 
A. Reed Wilson Co. 


MANOMETERS 
Builders-Providence, Inc. 
Fischer & Porter Co. 
Infileo, Inc. 

Norwalk Valve Co. 

Pacific Flush Tank Co. 
Simplex Valve & Meter Co. 
Wallace & Tiernan, Inc. 


METEOROLOGICAL 
INSTRU MENTS 
Fischer & Porter Co. 
Leupold & Stevens 

ne. 


Instruments, 


METER ACCESSORIES, BOXES, 
HOUSING SETTING, ETC. 
Alabama Pipe Co. 

H. W. Clark Co. 

Darling Valve & Mfg. Co. 
Ford Meter Box Co., Ine. 
Iowa Valve Co 

Mueller Co. 


METER CLEANING 
and Chemicals 


Bailey Meter Co. 


(Equipment 


METER COUPLINGS, YOKES 
—_ Meter Mfg. Co. 
W. Clark Co 
a Meter Box Co., Ine. 
Mueller Co 
Neptune Meter Co. 


| METER REPAIR PARTS 


Badger Meter Mfg. Co. 
Hersey Mfg. Co 
Neptune Meter Co. 


Worthington-Gamon Meter Div 


METERS, ELECTRIC 
Bailey Meter Co. 
General Electric Co. 
Minneapolis-Honeywell 

Co. 
Simplex Valve & Meter Co. 
Westinghouse Electric Corp. 


Regulator 


METERS, FLOW TUBE 
Bailey Meter Co. 
Builders-Providence, Inc. 
Fischer & Porter Co. 
Foster Engineering Co. 
Foxboro Co 
Minneapolis-Honeywell Regulator 

0. 
Simplex Valve & Meter Co. 
Sparling Meter Co., Inc. 


METERS, GAS 
Bailey Meter Co. 
Builders-Providence, Inc. 
Fischer & Porter Co. 
Foxboro Co. 
Minneapolis-Honeywell 

Co, 
Neptune Meter Co. 
Rockwell Mfg. Co 
Roots-Connersville 


Regulator 


Blower Div. 


METERS (Turbine Type) 
Badger Meter Mfg. Co. 
Fischer & Porter Co. 
Hersey Mfg. Co 
Neptune Meter Co. 


Worthington-Gamon Meter Div. 


METER TESTING EQUIPMENT 
Badger Meter Mfg. Co. 
Fischer & Porter Co. 
Ford Meter Box Co., Inc. 
Hersey Mfg. Co 
Neptune Meter Co. 
Rockwell Mfg. Co 


METERS, VENTURI 
Bailey Meter Co. 
Builders-Providence, Inc. 
Fischer & Porter Co. 
Foxboro Co 
Infileo, Ine 
Minneapolis-Honeywell Regulator 


o 
Simplex Valve & Meter Co. 





ALL COMPANIES LISTED IN BOLD FACE 


METERS, WATER 
Badger Meter Mfg 
Buffalo Meter Co 
Builders-Providence, 
Hersey Mfg. Co 
Neptune Meter Co. 
Rockwell Mfg. Co 
Worthington-Gamor 


pH TEST EQUIPMENT 
Allis-Chalmers Mfg. Co. 
Bailey Meter Co. 
Beckman Instruments, 
Infileo, Inc. 
Modern Swimming Pool Co. 
Permutit Co. 
Phipps & Bird, Inc. 
W. A. Taylor & Co 
Wallace & Tiernan, 


(Consumer) 
Co 


Inc. Inc. 


Inc. 


Meter Div 
Inc. 
MIXERS —. MIXING 
EQUIPMEN 
American ones 
Chain Belt Co. 
Graver Water 
Infileo, Inc 
Jeffrey Mfe. Co. 
F. B. Leopold Co., 
Link-Belt Co. 
Philadelphia Gear Works, Inc. 
Stuart Corp 

Walker Process Equip., 
Western Machinery Co. 
Worthington Corp. 


PHOTOELECTRIC 
COLORIMETERS 
Seckman Instruments, 
Phipps & Bird, Inc. 
W A. Taylor & Co. 


Works 


Conditioning Co. 7 


Ine 

PIPE AND FITTINGS, LINED 
Aleo Products, 
American Cast Iron Pipe 
American Hard Rubber Co. 
Bethlehem Steel Co. 
Cast Iron Pipe Research Assn. 
Chemical Equipment Co. 
James B. Clow & Sons 
Crane Co. 


Ine. 


Ine. 


MOTORS, ELECTRIC 
Allis-Chalmers Mfg. Co. Grinnell Co. 
Electric Mach. Mfg. Co United States Pipe & Foundry 
Fairbanks Morse & Co. | Co. 
General Electric Co United 
U. S. Electrical Motors 
Westinghouse Electric 
Worthington Corp. 


States Rubber Co. 
Ine 
Corp 
PIPE AND TANK COATINGS 
Amercoat Corp. 
Cement Gun Co., 
Chemical Fire & 
Corp 


NOZZLES, FLOW ioe 
Bailey Meter Co. 
Builders-Providence, Kovpers Co., Ine 
Foxboro Co Johns-Manville 
Simplex Valve & Meter Co. J. W. Mortell Co 
Pennsylvania Salt 
U. S. Rubber Co 


Proofing 


Inc. 


Mfg. Co 
NOZZLES, 
Sewage) 


SPRAY (Water and 


PIPE, ASBESTOS-CEMENT 


Johns-Manville 
Keasbey & Mattison 


Carborundum 
Chain Belt 
Grinnell Company 
Infileo, Ine 

Link-Belt Co. 
Lakeside Engr. Corp 
Pacific Flush Tank Co. 
Worthington Corp. 
Yeomans Bros. Co. 


Co. 
Co, 
Co. 


PIPE, CAST IRON 
Alabama Pipe Co. 
American Cast Iron Pipe 
Cast Iron Pipe Research Assn 
James Clow & Sons 
7 — Combustion Engineering, Inc. 
OPERATING TABLES (Filter) United States Pipe & Foundry 


American Water Softener Cy Co. 
Tne R. D. Wood 


Woodward 


Co 
Bailey Meter Co. Iron 
Builders-Providence, 
Filtration Equipment 
Foxboro Co 
General Filter Co. 
Graver Water Conditioning 
Infileo, Ine Cc Iron Pipe Research 
F. B. Leopold Co.. Inc James B. Clow & Sons 
Minneapolis-Honeywell Regulator 
Co > 
Permutit Co. . 
Roberts Filter Mfg. Co. 
Simolex Valve & Meter Co. 
Walker Process Equip., Inc 


Inc. 
Corp 
” PIPE, CEMENT LINED 
Alabama Pipe Co. 
American Cast Iron Pipe 


ast 


Assn 


D. Wood Co 


PIPE, CEMENT LINING 
Centriline Corp 


James B. Clow & Sons 
tandard Dry Wall Product 


OF 


ORIFICES _ 
Bailey Meter Co. 
Builders-Providence. Inc. 
Fischer & Porter Co. 
Foxboro Co 
General Filter Co 
Grinnell Co 
Infileo. Ine 
F. B. Leonold Co., Inc 
Mirneapolis-Honeywell Regulator 
__Co i PIPE, 
Simolex Valve & Meter Co. BRO 
Wallace & Tiernan, Inc. 
Worthington Corp 


PIPE, CONCRETE, PRESSURE 
American Concrete Pressure 
Assoc 
Preload Co., 
Lock Joint 
Price Bros. 


Pipe 
Ine 


Pipe Co 
Co. 


COPPER, BRASS AND 
NZE 


Mueller Co 


PIPE, CULVERT 
American Vitrified Products 
James B. Clow & Sons 
Nooter Corp. 
Price Bros. Co. 
R. D. Wood Co 


PACKING (Pumps and 
Johns-Manville 


United States Rubber C: 


Valves) 
Co 


PAINT 
Amercoat Corp 
Hercules Powder Co., 
Koppers Co., Inc 
J. W. Mortell 
Pennsylvania Salt Mfg. Co 
Pittsburgh Coke & Chemical Co. 
U. 8. Rubber Co 


(Acid Resisting) 


Inc PIPE CUTTING MACHINES 
Ellis & Ford Mfg. Co., Pnc 
Prescott Tool Co., Ina 
A. P. Smith Mfg. Co. 
Spring Lead Mfg. Co. 


PENSTOCKS 
Alco Products, Inc 
Bethlehem Steel Co. 
Chicago Bridge & Iron 
R. D. Cole Mfg. Co. 
Hammond Iron Works 
Nooter Corp. 
Pittsburgh-Des Moines Steel 
Westinghouse Electric Corp 


PIPE ENAMELS, PROTECTIVE— 
COAL TAR 
Aleo Products 
Koppers Co., 
J. W. Mortell Co 


PIPE FITTINGS 
Fittings) 


Co. 
(See 


United States Pipe & Foundry Co. 


| 


TYPE HAVE ADVERTISEMENTS IN THIS ISSUE. 


WROUGHT IRON 


Byers Co. 


PIPE, 
A. M 


PIPE, HARD RUBBER LINED 
(See Rubber Lined Pipe 
Valves 


and 


PITOT TUBES 
Foxboro Co 
Simplex Valve & Meter Co. 


PIPE 


(See 


JOINT COMPOUNDS 


Jointing Compounds) 


PIPE JOINT PACKING 
Hydraulic Development 
Johns-Manville 
Keasbey & Mattison Co 
Presstite-Keystone Engr. 

ucts Co. 


PIPE AND TUBING 
Plastic) 


PLASTIC 


Corp. (See 


Pred- CONVEYORS 


Conveying 


PNEUMATIC 
(See Conveyors 
Equipment) 


and 


PIPE JOINTS (Mechanical) 
American Vitrified Products Co. 
Cast Iron Pipe Research Assn 
James B. Clow & Sons 
Dresser Mfg. Div. 

Grinnell Company 
United States Pipe & Foundry 


POROUS TUBES AND PLATES 
American Well Works 
The Carborundum Co. 
Filtros, Ine 


Walker Process Equip., Inc. 


‘0. 
U.S 


R. D 


Rubber Co 


Wood Co POWER TAKE-OFF (Truck Type) 


Payne Dean & Co. 
PIPE JOINT TOOLS 
W. S. Darley & Co 
Hydraulic Development 
Mueller Co. 
Joseph G. Pollard Co 


REGULATORS 


Pressure} 


PRESSURE 
Regulators, 


Corp. . 
(See 
, Ine 
PRESTRESSED CONCRETE 
TANKS 
Cement Gun Co., 
Preload Co., Inc 


PIPE LOCATORS 
Computer-Measurements 
W. S. Darley & Co 
Joseph G. Pollard Co., Ine 
Filtration Equipment Corp 
Wilkinson Products Co 


Corp Inc 


PROPORTIONING EQUIPMENT 
(See Chemical Feed Propor 
tioning Equipment) 


and 


PIPE, PLASTIC 
American Hard Rubber 
Chemical Equipment Co. 
Colonial Plastics Mfg 
Continental Can Co 
Crane Co 
United States Rubber Co. 
Westinghouse Electric Corp. 


Co, 
CONTROLS 
Co, 


PUMPING 
Allis-Chalmers Mfg. 
Bailey Meter Co. 
Builders-Providence, 
Chicago Pump Co. 
Ernest Bernard Electric Co. 
Fischer & Porter Co. 
General Electric Co 
Hammarlund Mfg. Co 
Healy-Ruff Co 
Minneapolis-Honeywell 

Co 
Smith & Loveless, 
Taller & Cooper, 


Co. 


Inc. 


PIPE, SEWER 
Aleo Products, Ine 
American Vitrified Products Co. 
Bethlehem Steel Co. 
James B. Clow & Sons 
Johns-Manville 
Keasbey & Mattison Co | 
Natco Corp. | 
National Clay Pipe, Inc 
Price Bros. Co. 
United States Pipe 

Co. 


Regulator 


Inc. 
Inc. 


PUMP PRIMERS 
Chicago Pump Co. 


& Foundry Smith & Loveless, 


Inc. 


PUMPS, ACID-HANDLING 
Allis-Chalmers Mfg. Co. 
American Hard Rubber Co. 
Aurora Pump Div 
De Laval Steam Turbine Co. 
Dorr-Oliver, Inc. 

Economy Pumps, Inc. 

Fischer & Porter Co. 

Johnston Pump Oo 

Komline-Sanderson Engineering 
Corp. 

Peerless Pump Div 

Wallace & Tiernan, Inc. 

Weinman Pump Mfg. Co. 

Worthington Corp. 

Yeomans Bros. Co. 


PIPE, STEEL 
Aleo Products, 
Bethlehem Steel 


(All 


Ine 
Co. 


Types) 


PIPE TAPPING 
Mueller Co 
A. P. Smith Mfg. 


MACHINES 


Co. 


PIPE TEST 
B. Clow 
Darley & 
Eddy Valve Co 
Ellis & Ford Mfg 
Flexible Inc 

Joseph G. Pollard Co., 
A. P. Smith Mfg. Co. 


PLUGS 
& Sons 
Co 


James 
w. Ss 
Co., Ine 


Ine 
CELLAR DRAINER 


Sump) 


PUMPS, 
(See Pumps, 
PIPE THAWING, 
STEAM, FLAME 
W. S. Darley & Co 
Joseph G. Pollard Co 


ELECTRICAL, 


PUMPS, CENTRIFUGAL 
Allis-Chalmers Mfg. Co. 
American Well Works 

ro 1 iv 

PIPE TOOLS (Asbestos, a A 
Keesbey & Mattison Co Chicago Pump Co. 

Spring Load Mfg. Co. W. S. Darley & Co 

De Laval Steam Turbine Co 

Dorr-Oliver, Inc. 

Economy Pump 

Fairbanks Morse 

Homelite Div 

Peerless Pump Div 

Roots-Connerville Blower 

Weil Pump Co 

Weinman Pump Mfg. Co 

Western Machinery Co. 

Worthington Corp. 

Yeomans Bros. Co. 


Inc 


Cement) | 


PIPE TOOLS 
Threaders, 
Flexible 
Joseph G 


Ine 


& Co 


Extractors, 
Etc.) 


(Cutters, 
Wrenches, 
Inc 


Pollard Co., In« 


Div 
PIPE, VITRIFIED CLAY 


(See Vitrified 
Products) 


Clay Pipe and 


PIPE WRAPPING 

& PUMPS, DEEP WELL 
American Well Works 
Aurora Pump Div 
Byron Jackson Div. 


Chemical Fire Rust Proofing 


Corp 
Johns-Manville 
J. W. Mortell Co 
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Fairbanks Morse 
Johnston 


& Co. 
Pump Co. 
Layne & Bowler, Inc. 
Peerless Pump Div. 
Worthington Corp. 


PUMPS, DIAPHRAGM 
Chain Belt Co. 
Dorr-Oliver, Inc. 

Fischer & Porter Co. 

Homelite Div 

Komline-Sanderson Engineering 
Corp. 

Morse Bros. Machinery Co. 

Joseph G. Pollard Co., Inc. 

Permatit Co. 

Proportioneers, Inc. 

Wallace & Tiernan, Inc. 

Western Machinery Co. 


PUMPS, 
(See 
age 


DRAINAGE 


Pumps, Sewage and Drain- 


PUMPS, HYDRANT 
W. S. Darley & Co 
Ellis & Ford Mfg. Co., 
Joseph G. Pollard Co., 


Inc. 
Ine. 


PUMPS, HYDRAULIC 
(Pressure Boosting) 
De Laval Steam Turbine Co. 
Economy Pumps, Inc. 
Rockwell Mfg. Co 
Weinman Pump Mfg. Co. 
Worthington Corp. 


PUMPS, PORTABLE 
Aurora Pump Div. 
Chain Belt Co. 
W. S. Darley 
Fairbanks Morse & Co. 
Homelite Div 
Peerless Pump Div 
Worthington Corp. 


& Co 


PUMPS, ROTARY 
De Laval 
Fairbanks 
Roots-Connersville 
Worthington Corp. 


Steam Turbine Co. 
Morse & Co 


Blower Div 


SELF-PRIMING 


Div 


PUMPS, 
Aurora Pump 
Chain Belt Co. 
W. S. Darley & Co 
De Laval Steam Turbine Co. 
Fairbanks Morse & Co 
Homelite Div 
Johnston Pump Co 
Peerless Pump Div 
Roots-Connersville Blower 


Worthington Corp. 


PUMPS, SEWAGE AND 
DRAINAGE 
Allis-Chalmers Mfg. Co. 
American Well Works 
Aurora Pump Div 
Chain Belt Co 
Chicago Pump Co. 
Dorr-Oliver, Inc. 
Economy Pump, Ine 
Fairbanks Morse & Co 
Layne & Bowler, Inc 
Peerless Pump Div 
Weil Pump Co 
Weinman Pump Mfg. Co 
Western Machinery Co 
Worthington Corp 
Yeomans Bros. Ce. 


PUMPS, SLUDGE 
Allis-Chalmers Mfg. Co 
American Well Works 
Aurora Pump Div 
Chicago Pump Co. 
Dorr-Oliver, Ine. 
Economy Pump, Ince 
Fairbanks Morse & Co 
Infileo, Ine 
Komline-Sanderson Engineering 
Corp 
Lakeside Engr 
Peerless Pump Div 
Walker Process Equip.. 
Western Machinery Co 
Worthington Corp. 
Yeomans Bros. Co. 


Corp 


Inc. 


PUMPS, SUMP (AND CELLAR 
DRAINER) 

Aurora Pump Div 

Byron Jackson Div. 


W.&S. W. 





Chicago Pump Co. 
Economy Pumps, Inc. 
Fairbanks Morse & Co. 
Johnston Pump Co. 
Peerless Pump Div. 

Weil Pump Co. 

Weinman Pump Mfg. Co. 
Western Machinery Co. 
Worthington Corp. 
Yeomans Bros. Co. 


PUMPS, TURBINE 
American Well Works 
Aurora Pump Div 
Fairbanks Morse & Co. 
Johnston Pump Co 
Layne & Bowler, Inc. 
Peerless Pump Div 
Weil Pump Co. 
Worthington Corp. 


PUMPS, VACUUM 
Allis-Chalmers Mfg. Co. 
Chicage Pump Co. 
Dorr-Oliver, Inc. 
Economy Pumps, Inc. 
Phipps & Bird, Inc. 
Roots-Connersville 
Worthington Corp. 
Yeomans Bros. Co. 


Blower Div. 


AIN GAGES 


See Meteorological Instrument) 


RATE OF FLOW CONTROLLERS 


Badger Meter Mfg. Co. 

Bailey Meter Co. 

Builders-Providence, Inc. 

Centrol Corp. 

Fischer & Porter Co. 

Foxboro Co 

General Filter Co. 

Hagan Corp 

Infileo, Ine 

Minneapolis-Honeywell Regulator 
Co 

Simplex Valve & Meter Co. 

Sparling Meter Co., Ine. 


| 
| 
| 
| 
| 
| 
| 

ATE OF FLOW RECORDERS | 

Badger Meter Mfg. Co. 

Bailey Meter Co. 

Builders-Providence, Inc. 

Control Corp. 

Fischer & Porter Co. 

Foxboro Co. 

General Filter Co. 

Hagan Cort 

Infileo, Ine. 

Leupold & 

Ine 
Minneapolis-Honeywel! 
c 


Stevens Instruments 


Regulator 


Simplex Valve & Meter Co. 
Sparling Meter Co., Inc 


RECARBONATORS 


(See Carbonators) 


REFRACTORIES 
The Carborundum Co. 
Johns- Manville 


REGULATORS, PRESSURE 
(Water and Gas) 
Bailey Meter Co. 
Fisher & Porter Co. 
Foster Engineering Co. 
Control Corp. 
Minneapolis- Honeywell Regulator 

Ce, 

Mueller Co. 
Norwalk Valve (« 
S. Morgan Smith Co. 
Rockwell Mfg. Co 


Wallace & Tiernan, Inc. 


RESERVOIRS, STEEL 


(See Tanks and Standpipes) 


RESIDUAL CHLORINE 
CONTROLLERS 
Builders-Providence Inc. 
Everson Mfg. Co 
W. A. Taylor & Co 


Wallace & Tiernan, Inc. 


RESIDUAL CH LORINE TEST 


APPARATUS 

Modern Swimming Pool Co., Inc 

ae & Bird, Inc. 
A. Taylor & Co. 


Wallace & Tiernan, Inc. | 
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ROOF COATINGS 
Johns-Manville 
Koppers Co., Inc. 
Presstite-Keystone Engr. Products 
Co, 
U. 8. Rubber Co. 


LINED PIPES AND 


RUBBER 
VALV 


= 


American Hard Rubber Co. 
Darling Valve & Mfg. Co. 
Grinnell Company 
United States Rubber Co. 

S. Rockwell Co. 


RUBBER PACKING GASKETS 
Hamilton Kent Mfg. Co. 
Johns-Manville 
United States Rubber Co. 


RUST PREVENTION 
(Water Treatment) 
Calgon, Inc. 
Graver Water Conditioning Co. 
Philadelphia Quartz Co. 
Smith & Loveless, Inc. 
Proportioneers Inc. 


SADDLES, PIPE 
James B. Clow & Sons 
Dresser Mfg. Div. 
Grinnell Co. 
Mueller Co. 
Price Bros. Co. 


SAMPLERS AND SAMPLING 
TABLES 


Builders-Providence, Inc. 

Infileo, Ine. 

L akeside Engr. Corp. 
B. Leopold Co., 

Phipps & Bird, Inc. 

Proportioneers Inc. 

Walker Process Equip., Inc. 


Inc. 


SAND EXPANSION INDICATORS 
Bailey Meter Co. 
Builders-Providence, Inc. 

Infileo, Ine. 


Minneapolis-Honeywell Regulator 


0. 
Simplex Valve & Meter Co. 


SCALES, SLUDGE CONVEYOR 


Builders-Providence, Inc. 
Fairbanks Morse & Co. 


SCREENING AND 
COMMINUTING 
(See Comminuting Devices) 


SCREENINGS 


(See 


GRINDERS 


Grinders) 


SCREENS, INTAKE 

Chain Belt Co. 

Cook Well Strainer Co. 
Jeffrey Mfg. Co. 

Link-Belt Co. 

S. Morgan Smith Co. 
Washington Aluminum Co. 


SCREENS, SEWAGE 
American Well Works 
Chain Belt Co. 
Dorr-Oliver, Inc. 

Infileo, Ine. 

Jeffrey Mfg. Co. 
Link-Belt Co. 

Walker Process Equip., Inc 


SCREENS, VIBRATING 
Allis-Chalmers Mfg. Co. 


Gruendler Crusher & Puiverizer 


Co 
Jeffrey Mfg. Co. 
Link-Belt Co. 


SCREEN, WATER WELL 
Cook Well Strainer Co. 
Edward E. Johnson, Inc. 
Layne & Bowler, Inc. 


SCUM REMOVERS 
(See Clarifiers) 
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SEGMENT BLOCKS AND PIPE 
LINER PLATES (Vitrified) 
= oe Products Co. 
Nate 
National Clay Pipe Inc. 


SERVICE BOXES (Water) 
H. W. Clark Co. 
James B. Clow & Sons 
Ford Meter Box Co., Ine. 
Mueller Co. 


SEWAGE EJECTORS 
See Ejectors, Pneumatic) 


SEWAGE SAMPLERS 
Chicago Pump Co. 
Dezurik Shower Co. 
Infileo, Inc. 

Lakeside Engr. Corp. 
Phipps & Bird, Inc. 
Proportioneers, Inc. 
Walker Process Equip., Ine. 


SEWAGE SLUDGE DRYERS 
See Drying Systems, Sludge) 


SEWAGE SLUDGE 
INCINERATORS 


(See Incinerators) 


SEWER CLEANING EQUIPMENT 
AND SERVICE 
Champion Corp 
Flexible Pipe Cleaning Co. 
Flexible, Inc. 
National Power Rodding Corp. 


SEWER PIPE 
(See Pipe, Sewer) 


SEWER PIPE JOINTS (and Joint- 
ing Compounds) 
American Vitrified Products Co. 
Grinnell Co. 
Hydravlic Development Corp. 
Johns-Manville 
Koppers Co., Inc. 
National Clay Pipe Inc. 
Presstite-Keystone Engr. Products 

Co. 


SEWER RODS 
Flexible Inc 


SIPHONS (Sewage Dosing) 
American Well Woks 
Infileo, Inc. 

Pacific Flush Tank Co. 
Price Bros. Co. 

Smith & Loveless, Inc. 
Walker Process Equip., Inc 


| SLEEVES, PIPE REPAIR 


American Cast Iron Pipe Co. 
James B. Clow & Sons 
Dresser Mfg. Div 

Eddy Valve Co. 

M. & H. Valve & Fittings Co. 
Mueller Co. 

A. P. Smith Mfg. Co. 


SLEEVES, TAPPING (Valve) 
James B. Clow & Sons 
Darling Valve & Mfg. Co. 
Eddy Valve Co. 

Ludlow Valve Mfg. Co. Inc. 
M. & H. Valve & Fittings Co. 
Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 


SLUDGE COLLECTORS 
American Well Works 
Chain Belt Co. 

Chicago Pump Co. 
Dorr-Oliver, Inc. 

General Filter Co. 

Graver Water Conditioning Co. 
Hardinge Co., Inc. 

Jeffrey Mfg. Co. 

Lakeside Engr. Corp. 
Link-Belt Co. 

Stuart Corp. 

Walker Process Equip., Inc. 
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| STIRRERS (Laboratory) 


Infileo, Inc. 
Phipps & Bird, Inc. 


SLUDGE DISINTEGRATORS 
Dorr-Oliver, Inc. 
Gruendler Crusher & Pulverizer 
Co, 
Jeffrey Mfg. Co. , 
Royer Foundry & Machine Co. STOKERS 
Combustion Engineering, Inc. 
Fairbanks Morse & Co. 
SLUDGE DRYERS 
§ i Systems) 
oe ae ae STRAINERS—SUCTION 
Blackburn-Smith Mfg. Co., Inc. 
W. S. Darley & Co. 
Glenfield & Kennedy, Inc. 
Layne & Bowler, Inc. 
S. Morgan Smith Co. 


SLUDGE EJECTORS 
(See Ejectors, Pneumatic) 


SLUDGE GAS ENGINES 


(See Engines, Sludge Gas) SULPHATE OF ALUMINA 


(See Filter Alum) 
SLUDGE INCINERATORS 


(See Incinerators) SULPHUR DIOXIDE (Liquid) 


General Chemical Div. 
Tennessee Corp. 


SLUDGE PUMPS 
(See Pumps, Sludge) 


SWITCHBOARD AND SWITCH | 


GEAR 

Allis-Chalmers Mfg. Co. 
Blackburn-Smith Mfg. Co., Inc. 
Electric Mach. Mfg. Co. 
General Electric Co. 
Westinghouse Electric Corp. 
Worthington Corp. 


SLUDGE SAMPLERS 
Infileo, Inc. 
Jeffrey Mfg. Co. 
Phipps & Bird, Inc. 
Walker Process Equip., Inc. 


SLUDGE VALVES (Telescopic) 
ACF Industries, Inc. 
American Well Works 
Chain Belt Co. 

Dezurik Shower Co. 
Roberts Filter Mfg. Co. 
Rockwell Mfg. Co. 
Walker Process Equip., Inc. 


TANK LININGS 
Amercoat Corp. 
Cement Gun Co., Inc. 
Chemical Equipment Co. 
Chemical Fire and Rust Proofing 
Corp. 
Colonial Plastics Mfg. Co. 
General Filter Co. 
Koppers Co., Inc. 
Natco Corp. 
Speelmon Elevated Tank Service 
Smith & Loveless, Inc. 
United States Rubber Co. 


SODA ASH 
Columbia-Southern Chemical Corp. 
Diamond Alkali Co. 
Olin Mathieson Chemical Corp. 
Niagara Alkali Co. 


TANK MAINTENANCE AND 
REPAIR 
Cement Gun Co., 
J. W. Mortell Co. 
Nooter Corp. 
Speelmon Elevated Tank Service 


SODIUM BISULPHITE 
General Chemical Div. 





Inc. 


SODIUM HYPOCHLORITE 
John Wiley Jones Co. 
Olin Mathieson Chemical Corp. 
Pennsylvania Salt Mfg. Co. 
Pennsalt of Washington 
Wallace & Tierman, Inc. 


TANKS AND STANDPIPES 
Bethlehem Steel Co. 
Chicago Bridge & Iron Co. 
R. D. Cole Mfg. Co. 
Graver Water Conditioning Co. 
Hammond Iron Works 
Nooter Corp. 
Pittsburgh-Des Moines 
Preload Co., Ine. 


SODIUM PHOSPHATES (Glassy) 
Calgon, Inc. 
General Chemical Div. 
Pennsylvania Salt Mfg. Co. 
Pennsalt of Washington 


Steel Co. 


TANKS, RUBBER LINED 
American Hard Rubber Co. 
Chemical Equipment Co. 

Chicago Bridge & Iron Co. 

R. D. Cole Mfg. Co. 

Graver Water Conditioning Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 
United States Rubber Co. 


SODIUM SILICATE 


Diamond Alkali Co. 
General Chemical Div. 
Philadelphia Quartz Co. 


SOFTENERS 
(See Water Softening Equipment) 


TAPPING MACHINES 


Mueller Co. 
A. P. Smith Mfg. Co. 


SPEED REDUCERS, 
TRANSMISSION 
Allis-Chalmers Mfg. Co. 

De Laval Steam Turbine Co. 
Link-Belt Co. 

Philadelphia Gear Works Inc. 
U. S. Electrical Motors Inc. 


TASTE AND ODOR REMOVAL 
CHEMICALS 
General Chemical Div. 
Infileo, Ine. 
John Wiley Jones Co. 
Permutit Co. 
Phelps Dodge Refining Corp 
Wallace & Tiernan, Inc. 
West Virginia Pulp & Paper Co. 


SPRINKLING FILTER 
EQUIPMENT 


(See Trickling Filter Equipment) 


SPRINKLING FILTER 
UNDERDRAINS 
(See Filter Underdrains, Sewage) | TESTERS (Water Meter) 
Ford Meter Box Co., Inc. 
STACKS Hersey Mfg. Co. 
Bethlehem Steel Co. 
Chicago Bridge & Iron Co. 
R. D. Cole Mfg. Co. 
Hammond Iron Works 
Johns-Manville 
Pittsburgh-Des Moines Steel Co. 


THICKENERS (SLUDGE) 
American Well Works 
Chain Belt Co. 
Dorr-Oliver, Inc. 
Graver Water Conditioning Co. 
Hardinge Co., Inc. 
Infileo Ine. 
Jeffrey Mfg. Co. 
Lakeside Engr. Corp. 


STANDPIPES 
(See Tanks and Standpipes) 


Link-Belt Co. | 
Tennessee Corp. 

Walker Process Equip., Inc. 
Western Machinery Co. 


TOOLS, PIPE 
(See Pipe Tools) 


TOOLS, PNEUMATIC 


Le Roi Div. 
Schramm Inc. 
Worthington Corp. 


TRACTORS, BULLDOZERS, ETC. 
Allis-Chalmers Mfg. Co. 
Oliver Corp. 


TRANSFORMERS, ELECTRIC 


Allis-Chalmers Mfg. Co. 
General Electric Co. 
Westinghouse Electric Corp. 


TRAPS, DRIP, FLAME, 
SEDIMENT, STEAM 
Crane Co. 

Economy Pumps, Inc. 
General Electric Co. 
Neptune Meter Co. 
Pacific Flash Tank Co. 


TRENCHING EQUIPMENT 
Bucyrus-Erie 
Cleveland Trencher Co. 
Oliver Corp. 


TRICKLING FILTER EQUIPMENT 
American Well Works 
Dorr-Oliver, Inc. 

General Filter Co. 

Infileo, Ine 
Lakeside Engr. 
Natco Corp. 
Pacific Flush Tank Co. 
Smith & Loveless, Inc. 
Walker Process Equip., Inc. 
Yeomans Bros. Co. 


Corp 


TRICKLING FILTER 
UNDERDRAINS 


(See Filter Underdrains) 


TURBIDIMETERS 
Bailey Meter Co. 
Beckman Instruments 
General Electric Co. 
Infileo, Inc. 

Klett Mfg. Co 
Phipps & Bird, Inc. 


Inc, 


TURBINES, HYDRAULIC 


Allis-Chalmers Mfg. Co. 
S. Morgan Smith Co. 


TURBINES, STEAM 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 
Genera] Electrie Co. 
Westinghouse Electric 
Worthington Corp. 


Corp. 


UNDERGROUND PUMPING 
STATIONS 
Smith & Loveless, Inc. 
Zimmer And Francescon 


VACUUM FILTERS 
Chicago Bridge & Iron Co. 
Dorr-Oliver, Inc. 
Komline-Sanderson 
Corp. 
Proportioneers Inc. 


Engineering 


VALVE BOXES 
Alabama Pipe Co. 
James B. Clow & Sons 
Dezurik Shower Co. 
Eddy Valve Co. . 
Filtration Equipment Corp. 
Ford Meter Box Co., Inc. 
lowa Valve Co 
Ludlow Valve Mfg. Co., Inc. 
M & H Valve & Fittings Co. 
Mueller Co. 
Rensselaer Valve Div. 
A. P. Smith Mfg. Co. 
R. D. Wood Co 
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VALVE BOX LOCATORS 
Computer-Measurements Corp. 
W. S. Darley & Co. 

Joseph G. Pollard Co., Ine. 


/ALVE INSERTING MACHINES 
Mueller Co. 

A. P. Smith Mfg. Co. 

Taller & Cooper, Inc. 


‘ALVE OPERATOR 
(See Gate Valve Operator) 


‘ALVES, AIR RELEASE AND 
VACUUM BREAKING 

Darling Valve & Mfg. Co. 
Eddy Valve Co. 

Foster Engineering Co. 

Ludlow Valve Mfg. Co., Ine. 
Multiplex Mfg. Co. 

Rensselaer Valve Div. 

Simplex Valve & Meter Co. 


VALVES, ALTITUDE 
Chapman Valve Mfg. 
Foster Engineering Co. 
Golden—Anderson Valve 

Specialty Co. 
Henry Pratt Co. 
S. Morgan Smith Co. 


Co. 


/ALVES, BUTTERFLY 
Allis-Chalmers Mfg. Co. 
Builders-Providence, Inc. 
Chapman Valve Mfg. Co. 
Foster Engineering Co. 
Foxboro Co 
F. B. Leopold Co. Ine. 
Ludlow Valve Mfg. Co., 
Minneapolis-Honeywell 
Co 
Henry Pratt Co. 
W. 8S. Rockwell Co. 
S. Morgan Smith Co. 
Westinghouse Electric Corp. 
Worthington Corp. 


Inc. 
Regulator 


‘ALVES, CHECK 
ACF Industries, Inc. 
Chapman Valve Mfg. Co. 
James B. Clow & Sons 
Crane Co. 
Darling Valve 
Eddy Valve Co. 
Golden-Anderson Valve Specialty 
Co. 

Grinnell Company 

Hersey Mfg. Co. 

lowa Valve Co. 

Jeffrey Mfg. Co. 

Ludlow Valve Mfg., Co. Ine. 
M. & H. Valve & Fittings Co. 
Mueller Co. 

Norwalk Valve Co 

Pacific Flush Tank Co. 
Rensselaer Valve Div. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

S. Morgan Smith Co. 


& Mfg. Co. 


‘ALVES, CHLORINE 
Chemical Equipment Co. 
Crane Co 

Darling Valve & Mfg. Co. 
Fischer & Porter Co. 
Grinnell Co. 

Homestead Valve Mfg. Co. 
Wallace & Tierman Inc. 


YALVES, CONE 
Chapman Valve Mfg. 
Gelden-Anderson Valve 
Homestead Valve Mfg 
Rockwell Mfg. Co. 

S. Morgan Smith Co. 


Co. 
Specialty 
Co. 


‘ALVES, DIAPHRAGM 

Bailey Meter Co. 

Colonial Plastics Mfg. Co. 

Crane Co 

Darling Valve & Mfg. 

Fischer & Porter Co. 

Foster Engineering Co. 

Foxboro Co. 

Grinnell Company 

Infileo Ine. 

Minneapolis-Honeywell 
Regulator Co. 

8. Morgan Smith Co. 

Taller & Cooper, Inc. 


Co, 
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VALVES, ELECTRICALLY 
OPERATED 
(See 


Motor Operated) 


Valves, 


VALVES, FLAP 
Chapman Valve Mfg. Co. 
James B. Clow & Sons 
Eddy Valve Co 
lowa Valve Co. 
Ladiow Valve Mfg. Co., Inc. 
M. & H. Valve & Fittings Co. 
Mueller Co 
Rensselaer 


Valve Div. 


ALVES FLOAT 

Eddy Valve Co. 

Foster Engineering Co. 

Golden-Anderson Valve Specialty 
Ce, 

Lakeside Engr. Corp. 

Ludlow Valve Mfg. Co., 

Multiplex Mfg. Co. Ine. 

Henry Pratt Co. 

S. Morgan Smith Co. 

W. S. Rockwell Co. 


Inc. 


ALVES, FOOT 


Chapman Valve 
Co 


Mfg. Co. 
Crane 
Eddy 
Grinnell 

Ludlow Valve Mfg. Co., 
Rensselaer Valve Div. 


ALVES, FOUR WAY 
Crane Co 
Dezurik Shower 
Homestead Valve 
Infileo, Ine 

F. B. Leopold Co., Ine. 
Ludlow Valve Mfg. Co., Ine. 
Rockwell Mfg. Co. 


Co. 


Mfg. Co. 


ALVES, 
Chapman 
James B 
Crane Co 
Darling Valve & Mfg. Co. 
DeZurik Shower Co. 

Eddy Valve Co. 

Filer & Stowell Co 

Fischer & Porter Co. 

lowa Valve Co 

Jeffrey Mfg. Co. 

Ludlow Valve Mfg. Co., Ine. 
M. & H. Valve & Fittings Co. 
Mueller Co 

Rensselaer Valve Div. 
W. 8S. Rockwell Co 

A. P. Smith Mfg. Co, 
Westinghouse Electric 
R. D. Wood Co 
Worthington Corp. 


GATE 


Valve 
Clow 


Mfg. Co. 
& Sons 


Corp. 


ALVES, HYDRAULIC 

CYLINDER OPERATED 

Builders-Providence, Inc. 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Co 

Darling Valve & Mfg. Co. 

Dezurik Shower Co. 

Eddy Valve Co. 

Filer & Stowell Co 

Fisher & Porter Co. 

Gelden-Anderson Valve Specialty 
Ce. 

Grinnell Company 

Homestead Valve 

lowa Valve Co. 

Ludlow Valve Mfg. Co., Inc. 

M. & H. Valve & Fittings Co. 

Philadelphia Gear Works Inc. 

Henry Pratt Co 

Rensselaer Valve Div. 

Rockwell Mfg. Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

S. Morgan Smith Co. 


Crane 


Mfg. Co. 


ALVES, LUBRICATED PLUG 
ACF Industries, Ine. 

Homestead Valve Mfg. Co. 

t B. Leopold Co., Ine. 
Rockwell Mfg. Co 


W-K-M Mfg. Co., Ine. 


ALVES 


James B 


MECHANICAL JOINT 


Clow & Sons 

Crane Lo 

Darling Valve & Mfg. Co 
Dezurik Shower Co. 

Eddy Valve Co 

lowa Valve Co 

Ladiow Valve Mfg. Co., Inc. 
M. & H. Valve & Fittings Co. 


W.&S. W. 
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Mueller Co. 

Henry Pratt Co. 
Rensselaer Valve Div. 
Rockwell Mfg. ‘ 

A. P. Smith Mfg. Co. 
R. D. Wood Co. 


/ALVES, MOTOR OPERATED 


ACF Industries, Inc. 

Builders-Providence Inc. 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 

Dezurik Shower Co. 

Eddy Valve Co. 

Filer & Stowell Co. 

Fischer & Porter Co. 

Golden-Anderson Valve Specialty 
Co, 

Homestead 

Infileo, Ine. 

lowa Valve Co. 

Ludlow Valve Mfg. Co., Ine. 

M. & H. Valve & Fittings Co. 

Minneapolis-Honeywell Regulator 
Co 

Mueller Co. 

Payne Dean 

Permutit Co. 

Philadelphia Gear Works, Inc. 

Henry Pratt Co. 

Rensselaer Valve Div. 

Rockwell Mfg. Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

S. Morgan Smith Co. 

Taller & Coofer, Inc. 

Westinghouse Electric Corp. 


Valve Mfg. Co. 


& Co. 


‘ALVES, MUD AND PLUG 
ACF Industries, Inc. 
Chapman Valve Mfg. Co. 
James B. Clow & Sons 
Dezurik Shower Co. 

Eddy Valve Co. 
Filer & Stowell Co 
Homestead Valve 
lowa Valve Co. 
Ladiow Valve Mfg. Co., Inc. 

M. & H. Valve & Fittings Co. 
Mueller Co. 

Rensselaer Valve Div. 

Roberts Filter Mfg. Co. 
Rockwell Mfg. Co. 


Mfg. Co. 


‘ALVES, PRESSURE REDUCING 
Bailey Meter Co. 

Crane Co. 

Foster Engineering Co. 


Golden-Anderson Valve Specialty | 


Co, 


Minneapolis-Honeywell Regulator 
Co. 


Mueller Co. 
S. Morgan Smith Co. 


/ALVES, RELIEF 


James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 

Eddy Valve Co 

Foster Engineering Co. 

Golden- Anderson Valve Specialty 
Co. 

Mueller Co 

Multiplex Mfg. Co. 

Pacific Flush Tank Co. 

Norwalk Valve Co. 

Simplex Valve & Meter Co, 

S. Morgan Smith Co. 


VALVES (Rubber, Plastic, Glass or | 


Lead) 
American Hard Rubber Co. 
Chemical Equipment Co. 
Colonial Plastics Mfg 
Crane Co 
Darling Valve & Mfg. Co 
Dezurik Shower Co 
Gelden-Anderson Valve Specialty 
Co. 
Grinnell Company 
S. Rubber Co 


Co. 


VALVES, SPECIAL, AUTOMATIC | 


(Including Remote Control) 
ACF Industries, 
American Water 
Ine . 
Bailey Meter Co. 
Builders-Providence Inc. 
Chapman Vaive Mfg. Co. 
Darling Valve & Mfg. Co. 
DeZurik Shower Co. 
Eddy Valve Co. 
Fischer & Porter Co. 
Foster Engineering Co. 
Foxboro Co. 


Ine. 


Softener Co., 
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WASTE 


WATER LEVEL 


Golden-Anderson Valve Specialty 
Co. 


Grinnell Company 

Infileo, Ine. 

Ludlow Valve Mfg. Co., Inc. 

Minneapolis-Honeywell Regulator 
Co. 

Permutit Co. 

Philadelphia Gear Works, Inc. 

Henry Pratt Co. 

Rockwell Mfg. Co. 

S. Morgan Smith Ce. 

Taller & Cooper, Inc. 

Walker Process Equip., Inc. 


VALVES, WATER METER 
SPECIAL 
Ford Meter Box Co., 
Hersey Mfg. Co. 
Mueller Co. 
Sparling Meter Co., Inc. 
Taller & Cooper, Inc. 


Inc. 


VARIABLE SPEED 
TRANSMISSIONS 
Allis-Chalmers Mfg. Co. 
Electric Machinery Mfg. Co. 
Link-Belt Co. 

Philadelphia Gear Works, Inc. 
U. S. Electrical Motors, Inc. 
Worthington Corp. 


VENTURI TUBES 
Bailey Meter Co. 
Builders-Providence, Inc. 
Fischer & Porter Co. 
Foxboro Co. 
Infileo, Ine 
F. B. Leopold Co., Ine. 
Simplex Valve & Meter Co. 
Taller & Cooper, Inc. 


VIBRATING SCREENS 
Link-Belt Co, 


(Liquid) 


VITRIFIED CLAY 
PRODUCTS 


PIPE AND 


American Vitrified Products Co. | 


Natco Corp. 


National Clay Pipe Mfrs., Inc. 


GAS BURNERS 


Pacific Flush Tank Co. 


| 
WATER ANALYSIS EQUIPMENT 


AND 


(See 


REAGENTS 
Laboratory 
agents) 


WATER LEAK, LOCATING 
INSTRUMENTS 
Computer-Measurements Corp. 
W. 8S. Darley & Co. 

Joseph G. Pollard Co., Inc. 
Simplex Valve & Meter Co. 
Wilkinson Products Co. 


WATER LEVEL CONTROL 
Bailey Meter Co. 
Builders-Providence, Inc. 
Control Corp. 

Fischer & Porter Co. 
Foster Engineering Co. 
Foxboro Co. 

General Electric Co. 
Healy-Ruff Co. 

Infileo, Ine. 


Apparatus & Re- 


Leupold & Stevens Instruments, | 


ne. 
Minneapolis-Honeywell 

Co 
Simplex Valve & Meter Co. 
Smith & Loveless, Inc. 
8S. Morgan Smith Co. 
Sparling Meter Co., 
Taller & Cooper, Inc. 


Inc. 


RECORDERS 
Bailey Meter Co. 
Builders-Providence, 
Control Corp. 
Fischer & Porter Co. 
Foster Engineering Co. 
Foxboro Co, 
General Electric Co. 
Infileo, Inc. 
Leupold & Stevens 
Inc. 
Minneapolis-Honeywell Regulator 


Inc. 


Instruments, 


Co. 
Simplex Valve & Meter Co. 
Sparling Meter Co., Ine. 
Taller & Cooper, Inc. 
Wallace & Tiernan, Inc. 


Regulator | 


| 
| 





| WATER 


WELL 


WELLS, 


ALL COMPANIES LISTED IN BOLD FACE TYPE HAVE ADVERTISEMENTS IN THIS ISSUE. 


WATER MAIN CLEANING 
Flexible Pipe Cleaning Co. 
Flexible Ine. 
National Water 

Co, 


Main Cleaning 


WATERPROOFING PAINTS, 
COMPOUNDS AND MATERIALS 


Johns-Manville 

Koppers Co., 

J. W. Mortell Co. 

Pittsburgh Coke & Chemical Co. 

Presstite-Keystone Engr. Prod- 
ucts Co. 

Standard Dry Wall Products, Inc. 

U. S. Rubber Co. 


Inc. 


WATER SOFTENING 
CALS AND COMPOUNDS 
(See Individual Chemicals for 

Water Purification and 
Softening) 


CHEMI- 


SOFTENING 

EQUIPMENT 

Allis-Chalmers Mfg. Co. 

American Water Softener 
Inc. 

American Well Works 

Chemical Equipment Co. 

Dorr-Oliver, Inc. 

General Filter Co. 

Graver Water Conditioning Co. 

Infileo, Ine. 

Lakeside Engr. Corp. 

Layne & Bowler, Inc. 

*. B. Leopold Co., Inc. 

Modern Swimming Pool Co., 

Omega Machine Co. 

Permutit Co. 

Proportioneers, Inc. 

Roberts Filter Mfg. 

Stuart Corp. 

Walker Process Equip., Inc. 


Co.., 


Ine. 


Co. 


WATER SUPPLY CONTRACTORS 


(See Contractors) 


WATER TREATMENT FOR 
SCALE AND CORROSION 
Allis-Chalmers Mfg. Co. 
American Water Softener 

Inc. 
American Well Works 
Calgon, Inc. 
Chemical Equipment Co. 
General Filter Co. 
Graver Water Conditioning 
Infileo, Ine 
John Wiley Jones Co. 
Lakeside Engr. Corp 
Olin Mathieson Chemical Corp. 
Omega Machine Co. 
Permutit Co. 
Proportioneers, Inc. 
Wallace & Tiernan, 


Co., 


Co. 


Inc. 


WEED KILLERS 
Columbia-Southern Chemical Corp. 
Diamond Alkali Co. 

General Chemical Div. 

Koppers Company, Inc. 
Pennsalt of Washington 
U. S. Rubber Co. 


CLEANING CHEMICALS 


Calgon, Ine 

General Chemical Div. 

Layne & Bowler, Inc. 

Olin Mathieson Chemical Corp. 
U. S. Rubber Co. 


COMPLETE 


& Bowler, Inc. 
Method Water 


Layne 
Ranney 
Ine. 


Supplies. 


WRAPPING, PIPE 


(See Pipe, Wrapping) 


ZEOLITE AND ZEOLITE 


SOFTENERS 

Allis-Chalmers Mfg. Co. 

American Water Softener Co., 
Inc. 

Chemical Equipment Co. 

General Filter Co. 

Graver Water Conditioning Co. 

Infileo, Ine. 

Lakeside Engr. 

Permutit Co. 

Roberts Filter Mfg. Co. 


Corp. 





ALL COMPANIES LISTED IN BOLD FACE TYPE HAVE ADVERTISEMENTS IN THIS ISSUE. 


DIRECTORY OF MANUFACTURERS 


Listed in Classified Index of Products 


A y E n Jated Chemical Industries | Fischer & Porter Co 
Publicity f v. of Stauffer Chemical Co. Wa ter Rd 


ACF Industries, Inc fous ke | 
P. O. Box 2117 B eter Co. 


Houston, Texas 


In 
44th St Builders-Providence, | 


f B-I-F industries in 


Control Corp. 

718 Central Ave. 
Minnear s, Minn. 
Byron Jackson Div.. 
Allis-Chalmers Mfg. Co. Borg Corp. 

© 70th St Box 2017. Terminal Annex 


warner UO 


Cook Well Strainer Co. 
1192 S$ 3264 Beekr an 


M u ee Wis Angeles 34 elif. 


General Chemical Div. 
Allied Che s| & Dye Corp 


R 


New York 3, N 


American Vitrified Products Co. 

Chain Belt Co 

r Golden-Anderson Valve Specialty Co 
? Ave 


MM 
R ye 


wa 


American Well Works Co. 4718 f ; j - 
DN ) y 4 ad Graver Water Conditioning Co. 
Ma 


Anthracite Equipment Co 
Ant t stitute Blag 


Chemica! Equipment Co. 


Citenge Otdge © Iron Co 
Crap tee Coen 
Boley Meter Mfg Co ; 
ae — Co Ciné Trencher Co 


n Ave 

New York 2 
Hardinge Co 
240 Arch St 


R. D. Cole Mfg. Co 

Newnan ] 
Moro 

sgo 43 5] Plastics Mfa 


Bethieherr Stee! Co. 
E. 3rd St 

Bethlehe Pa Columbia-Southern Chemical 

Subsidiary of Pittsburgh Pla 

B-I-F Industries, Inc ylass Co. : C nd 

ris Ave F P. tration Equipment Boston, Mass 


TrsDurgn <4 ra 


Corp. 
e 1 Ce 
345 H 
Provid R (| Gateway Center) 271 H beck 
nester J Hollaender Mfg. Co. 
-Smith Manufacturing Co. Combustion Engineering, Inc. 3834 Spring Grove Ave 
erver Highway 200 Madison Ave ' Cincinnati 23, Ohio 
Hoboken, N. J New York, N. Y. 
omelite Div., of 

— suremer or » Organ . Textron American Inc. 
Borden Metal Products Co Computer-Measurements Corp. 
866 Green Lane, 5528 Vineland P. O. Box 150 
Union, N. J North Hollywood, Calif. for Y Port Chester, N. Y. 


Blackburn 
50 Ot 
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Homestead Valve Mfg. Co. 
ox 4 

~oraopolis, Pa. 

Hydraulic Development Co 
50 Church St. 
New York, N. Y. 


‘ " porated 
70! S. Campbell Ave. 
Tucson, Ariz. 
International Minerals & 
Chemica! Corp 
20 N. Wacker Dr. 
Chicago 6, Ill. 
lowa Va ve Co. 
20! No. Taiman Ave 
P. ©. Box 6600-A 
hicago 80, lil. 


Jeffrey Mfg. Co 
776 NO ourth Sf 
Columbus 16, Ohic 


Johns-Manville Corp. 


) 
22 E. 40th St 


New York /6, N. Y. 


John Wiley Jones Co 
sle NL Y 


Komline Sanderson Eng. Corp 


peck ‘ 


se Air Brake 


4 South 68th St 
Milwaukee Wis 
Leu i & 


4445 N E 
Portland 13 


Link-Belt Co 


Ludlow Valve Mfg. Co 
p 8 


N 
M 
M.&H Valve , Fittings Co 
Annist 


mbus !2. Ohio 


Millipore Filter Corp. 
36 Pleasant St 
Watertown 72, Mass 


W.&S. W. 











Minneapolis-Honeywell Regulator Co. 


Industrial Division 
Wayne & Windrim Aves. 
Philadelphia 44, Pa. 


Modern Swimming Pool Co., Inc. 
One Hollend Ave., 
White Plains, N. Y. 


Morse Boulger Destructor Co. 
80 Fifth Ave., New York, N. Y 


Morse Bros. Machinery 
Denver, Colo. 


W. Mortell Co. 
550 N. Hobbie Ave. 


Kankakee, iil. 


Mueller Co 
512 W. Cerro Gorde 
Decatur 8, lil, 


Multiplex Mfg. Co 
Berwick, Pa. 


Natco Corp 
327 Sth Ave 
Pittsbu rgh 22, Pa. 


Nationa! Clay fire! Mfrs. Inc 
520 i8th St. N. 
" ngton 6 wats 
National Power Rodding Coro 
000 S. Western Ave. 


Chicago 12, Ill 


National Water Main Cleaning 
50 Ch h St 
iM 


New Yo rk 7, N.Y. 


wr Meter Co. 
che ¢ 


jor 
e 


Ne 


Nooter Corporation 
1480 S$ th Se nd §$ 


Olin Mathieson Chemica! Corp. 
Mathies B “dy 


400 W. Madis 
ago 6 


Omega Machine Co., Div. of B-I-F 


Pacific Flush Tank Company 
4 i Ave 


Permutit Co 
330 West 42 
New York, N 


elps Dodge Refining Cort 
300 Park Ave., New Y 


ey 3 We Gear Works Inc 
below Erie Ave. 
Ph adeiphie 4, Pa 


Philadelphia Quartz Company 
ublic Ledger Bldg 
Phi ladelp hia 6, Pa 


Puipes & Bird Company 
Byrd Sts. 
Richmond 5. Va 
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Pittsburgh Coke & Chemical Co. 
Grant Bldg. 
Pittsburgh, Pa. 


Pittsburgh-Des Moines Steel Co. 
3418 Neville Island 
Pittsburgh, Pa. 


Jos. G. Pollard Co., ing 
New Hyde Park, N. 


Portland Cement Association 
33 W. Grand Ave 
Chicago, Ill. 


Henry Pratt Co., Inc. 
2222 S. Halsted St., 
Chicago 8, Illinois 


The Preload Co., Inc. 
E. 37th St. 

New York 16, N. Y. 

Prescott Tool Co., Inc. 


Box 7 Greendale Branch 
Worcester 6, Mass. 


Presstite-Keystone Engr. Products Co. 


Div. of American Marietta Co. 
3798 Chouteau Ave. 
St. Louis 10, Mo. 


Price Brothers Co. 
1932 East Monument Ave. 
Dayton |, Ohio 


Proportioneers, Inc. Div. of B-I-F 
Industries inc. 
345 Harris Ave. 
Providence |, R. |. 


Ranney Method Water pean, inc. 
Box 5415, Shepard Sta 
mbus 19, Ohio 


ar Chemicals Corp. 
). Box 6724 


ston 5, Texas 


e 


Rensselaer Valve Div., Ludlow Valve 
M >., Inc 


3 Co 


y, N.Y. 


Roberts Filter Mfg. Co. 
607 umbia Ave 
Darby, Pa. 


400 N. | 


ts-Connersville Blower Div. of 
Dresser Industries, Inc. 
900 West Mount St. 
Connersville “ind. 


Royer Fr 


y & Machine Co. 


Kingst 


ety Ga 1 Stopper Co., Inc. 
523 Atlant “AY e. 
B yklyn 17, N.Y. 
Schramm Inc 
Westchester, Pa 
Siengien _— Meter Co. 
r nae St 


ple St 


< N 
uth Bend, Ind. 


A. P. Smith Mfg Co 
545 N. Ar V 


East Or 


S. Morgan Smith Co 
500 Lincoln St. 
York, Pa. 


Smith & Lovelen. Inc 
Box 8172 
Koase Cc ‘ity, Mo 


Sparling Meter Co. 
945 No. Main St. 
Los Angeles, Calif. 


speelmon Elevated Tank Service 
822 N. Court St 
Rockford, Ill. 


Spring Load Mfg. Co. 
34610 First Ave. South 
Seattle, Wash. 





Standard Dry Walt Products 
Box X 
New Eagle, Pa. 


out Ae ~*P- tes $8. 
arles 
d. 


Robetnove l, 


T 


Taller & Cooper, Inc. 
75 Front St., Brooklyn |, N. Y 


W. A. Taylor & Co. 
7300 York Road 
Baltimore 4, Md. 


Tennessee Corporation 
61? Grant Bidg. 
Atlanta |, Ga. 


U. S. Electrical Motors, Inc 
200 E. Slauson Ave. 
Los Angeles 54, Calif. 


U. S. Pipe & Foundry Co 
3300 First Ave. North 
Birmingham, Ala. 


U. S. Rubber Co. 
1230 6th Ave. 
New York, N. Y. 


Ww 


Walker Process Equipment Inc 
P. O. Box 266 
Aurora, Ili. 


Wallace & Tiernan 
25 Main St 
Belleville 9, N. J. 


Washington Aluminum Co. Inc 
Knecht Ave. and Pennsylvania 
Railroad 
Baltimore 29, Md. 


Weil Pu - Co 
1530 N. Fre nont St. 
Chicago 22, 


Weinman Pump Mfg. Co 
286 Spruce St. 
Columbus, Ohio 


Western Machinery Co. 
Folsom St 
San Francisco 7, Calif 


Westinghouse Electric Corp. 
Gateway Center 
40! Liberty Ave. 
Pittsburgh 30, Pa. 


West Virginia Pulp and Paper Co. 
na trie Cc err 5 >3 es Div 
230 Park Ave 
New York !7, N. Y. 

white Diese! Lys wed = 

Wh ote 


1401 Sheriden 
Springfield, Ohio 


Wilkinson Products Co. 
3987 Chevy Chase Dr. 
Pasadena 3, Calif 


A. Reed W n 
320 McGee St. 
Kansas City 6, Mo 


W-K-M Mfg. Co., Inc. 
ACF Industries, inc 
P. O. Box 2117 


Houston, Texas 


R A Wood Company 
ublic Ledger Bidg. 
Ph adelphia 5, Pa. 


Woodward Iron Company 
Woodward “Ale. 


Worthington Corp. 
401 Worthington St. 
Harrison, N. J. 


Worthington Game on Meter Div. 
Worthington Corp 
2% South St 
Newark 5, N. J. 


Y 


Yeomans Brothers Co 
1999-9 N. Ruby St. 
Melrose Pk., Ill. 


Zimmer & Francescon 
P. O. Box 359 
Moline, Ill. 





Il. INTRODUCTION 


The practice involved in the sup- 
plying of water to a municipality or 
disposing of its sewage have a num- 
ber of fundamental factors in com- 
mon. While it is true that there are 
many individual practices which dif- 
fer in details, the many common 
fundamentals make water supply and 
sewage treatment one basic field. 

Included in these common funda- 
mentals are public health aspects, 
hydraulic laws, treatment processes, 
treatment, community 
Further than that, 
fundamentals can be broken 
down to individual factors which 
have a common application to both 
sewage. 


purpose of 
problems, etc. 
these 


water and 


Management 


Inasmuch as both water supply 
and sewage disposal are municipal 
operations, they are frequently sub- 
ject to the same management. When 
one understands the factors involved 
in management, there is good cause 
to adopt combined management of 
water and sewage works operations. 

Management involves a number of 
practices. These include financing, 
rate schedules, office operations, pub- 
lic relations and policies, lands and 
laws, personnel administration and 
safety. 


Functional Operations 

Certain operating procedures, 
functional in nature, are fundamental 
to both water supply and sewage 
disposal and treatment. These oper- 
ations include pumping, electrical 
operations, measurement of flow, in- 
strumentation and control, chemical 
handling and feeding, mixing, coagu- 
lation, flocculation, sedimentation, 
corrosion control, laboratory control 
and maintenance. 

\lso basic to both water supply 
and sewage treatment are the funda- 
mental and applied sciences which 
are basic to both. These include phy- 
sics, chemistry, bacteriology, other 
biological sciences, hydraulics and of 
course, mathematics. Of particular 
interest are bacteriology, chemistry 
and hydraulics. 

Two other factors are 
to water supply and sewage disposal. 
These are design and construction. 


common 


Inasmuch as both water and sewage 
are transported in pipes or conduits 
and are treated in tanks or filters, 
it is to be expected that design prob- 
lems will be subject to the same type 
of engineering solution. Pumps, 
motors, instruments, controls, equip- 
ment, etc. are practically the same 
for water or sewage treatment plants. 
Construction of facilities, pipe and 
sewer laying, and so forth, utilize 
the same techniques and equipment 
for both water or sewage works. 


Water Works Practice 


A most important factor in water 
supply practice is the choice of sup- 
ply source. All water supply origi- 
nates in precipitation from the skies, 
but its storage on earth may be on 
the surface or underground. Surface 
supplies may be lakes, streams, im- 
pounded reservoirs or even springs. 
Ground water supplies include wells, 
of various depths, infiltration gal 
leries and springs. 

Transportation of water from 
source to treatment plant or to the 
distribution system takes place in 
transmission mains, conduits, or 
aqueducts. Distribution systems to 
carry the water to the ultimate con- 
sumer consist of large arterial mains, 
smaller secondary or distributor 
mains, minor distributors, and ap- 
purtenances including valves, hy- 
drants and meters. 

Treatment of water supply de- 
pends on the source and the amount 
and kind of impurities present. 
Ground waters are usually clear, cool 
free of bacteria. If desired, it 
be treated to remove hardness, 


and 
may 
iron and manganese. Chlorination as 
a safety measure is common. Surface 
waters generally need chemical treat- 
ment, with coagulation, flocculation 
and sedimentation, prior to filtration 
through sand. If and 
are present they can be removed by 
aeration, chlorination or activated 
carbon treatment. Chlorination for 
disinfection is almost always used. 

In some communities, fluoride 
compounds are added in extremely 
low concentrations (Ippm) to aid in 
the prevention of tooth decay. Con- 
trol of corrosion is accomplished by 
neutralization and pH adjustment 
or the use of glassy phosphates. 


tastes odors 


Sewage Works Practice 


Whereas a_ distribution 
carries water to a consumer, a sewer 
system carries it away. House con 
nections lead to lateral sewers, which 
connect with main or trunk sewers, 
which in turn join interceptors which 
lead to the treatment works. 

Treatment of sewage has its pur 
pose to protect public health and pre 
vent nuisance conditions. Treatment 
is divided into four parts: Primary 
treatment, secondary treatment, dis 
infection, and solids disposal. Pri 
mary treatment involves 
and sedimentation to remove parti- 
culate matter. Secondary treatment 
utilizes bacteria and other microor- 
ganisms to oxidize organic matter, 
either by passing liquid over a su 
face as in a trickling filter, or by 
blowing air through the liquid con 
taining active and growing micro- 
organisms as in the activated sludge 


system 


screening 


process. 

Disinfection to destroy disease pro 
ducing organisms is usually accom 
plished by chlorination. Disposal of 
the solids removed from sewage 
usually involves digestion or decom 
position by bacteria in the absence 
of oxygen. This digested sludge is 
subjected to dewatering and drying 
processes, either natural or chemical 
and mechanical before final disposal 
as fill or for use as a soil conditioner 
Sludge may be burned and the ash 
used for fill. Undigested sludge may 
be dewatered, dried and burned as a 
means of disposal. 


Industrial Waste Treatment 


Many 
similar in nature to the organic mat 
ter in sewage and may therefore be 
treated with municipal wastes. Other 
industrial wastes require special 
treatment and are best handled by 
the industry itself. In any event the 
problem of industrial wastes within 
a community is of interest to the mu 
nicipal sewage plant manager. 

Inasmuch as the treatments and 
practice in both water and sewage 
treatments and practice in both water 
and sewage treatment involve so 
many factors and fundamentals, it 
behoves every plant manager, opera 
tors to have a good library. A 
gested list of books follows in this 
issue. 


wastes from industry art 


g 
sug 


ce 
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R-14 
Meters and controls engineered 
specifically for water, sewage, and waste plants 
. « . proven in thousands of installations. 





— 


TYPE M 
INSTRUMENT 


Type M Totalizer-In- 
dicator-Recorder . . . 
extra-durable wide 
range instrument. 
Also smaller model 
Flo-Watch availa- 
ble. For use with 
Venturi tubes, noz- 
zles, flumes, ond 
weirs. Bulletin 


200-H4A. 


FILTER RATE CONTROLLERS 


Direct-acting Model RCE and hy- 
dravlically powered Models RCB 
and RCB-T types. Their high and 
enduring accuracy have won 
occeptance of leading consulting 
engineers ond plant operators. 
Rugged, simple construction for 
easy installation, operation, and 
maintenance. RCB-T is rubber 
seated, tight closing —no need 
for separate shutoff valve. Buyl- 
letins 600-G6, 600-J9A. 


Three Models for chlorinating 
rates from 0 to 7500 Ibs. per 
24 hrs. Accurately meter chlo- 
rine gas and deliver a uniform 
chlorine water solution to point 
of application. Features include 
visible flow, rugged construc- 
tion, simple design, and avto- 
matic safety devices of lotest 
and most positive type. Easily 
modified to program, automat- 
ic-proporational, or sequence 
control, 








CHRONOFLO ELECTRIC 
TELEMETERS 


Chronoflo Telemeters bring to 
central operating point records 
of flow, liquid level, etc. Con- 
nection is by simple two-wire 
circuit. Ideal for automatic pro- 
portional pacing of chemical 
feeders. Bulletin 230-H4. 


PROPELOFLO METER 


Prope'ler-type main line meter. 
Self-contained, easily installed. 
Can be used with indicating 
and recording secondary in- 
struments, and to pace chem- 
ical feeders. Bulletin 380-K4. 


‘ 
VENTURI TUBES 
AND NOZZLES — 
DALL FLOW TUBE 


Widest range of sizes and 
models for water, sewage, and 
waste flows: Venturi Tubes, 
Model NZIF Insert Nozzles, 
Model DFT Dall Flow Tubes, 
Kennison Nozzles. Write for 
recommendations. 





FILTER 
OPERATING 
TABLES & GAUGES 


Attractive and convenient ta- 
bles and gauges for centralized 
filter control. Gauges available 
for indicating and/or record- 
ing all operations. Tables have 
shift-type levers and piston- 
type four-way valves, plus valve 
position indicators. Bulletins 
450-H10A, 470-E1B. 


AUTO-CENTRAL 
FILTER CONTROLS 


Reduce operating costs with 
complete remote control of 
filter effluent rates and valve 
operations, including automatic 
washing cycle —from a con- 
veniently located Builders Auto- 
Central Control panel. Write 
for details. 


PUMP CONTROLS 


More uniform system pressure 
. . « lower costs . . . with auto- 
matic Pressureflo Control for 
pumping stations; operates in 
response to both pressure and 
flow. Also Chronoflo Control 
for reservoir or elevated stor- 
age level control. Write for 
details. 





Model CVS 
Chlorinizer 
Bulletin 840-K18 
840-J30B,840-J84 


SYNCHRO-SCAN 
SUPERVISORY CONTROL 


Any number of plant operatin 
functions — pumps, valves, tan! 
levels, etc.—can be controlled 
or monitored from central panel. 
Uses simple two-wire transmis- 
sion or leased telephone circuit. 
Plug-in components for easy in- 
gpecion and servicing. Bulletin 


BUTTERFLY VALVES 


Built to AWWA Specifications — 
highest qualit jesign, sturdy 
construction, durable materials 
throughout. Rubber-seated, tight- 
closing. Furnished with manual, 
pneumatic, hydraulic, or electric 
motor operators. Backed by our 
nationwide sales and service or- 
ganizations. Bulletin 650-L1B. 














For Bulletins on individual products or for comprehensive Bulletin B-I-F 6, write 
Builders-Providence, Inc., 376 Harris Avenue, Providence 1, R. I., . . . division of 


B-I-F INDUSTRIES 
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You can depend on Omega for “the last word in feeders” . . . 


and the answer to your chemical feeding problem . . . always! 





BELT TYPE GRAVIMETRIC 
Three models for feeding moterials 
by weight continuously on short con 
veyor belt carried on sensitive scales 
High accuracy — wide range — from 
o few cu. ins./min. to 100,000 Ibs. /hr 
Bulletins 35-J11, H5 


ROTOLOCK FEEDERS 
Non-flooding, especially suitable for 
feeding fine, dry materials. Omega 
variable speed transmission permits 
infinite adjustment over 100 to 1! 
range. Three styles of rotors. Bulletin 
45.20 


Write for Bulletins on individual products, or comprehensive Bulletin B-I-F 6. . . 


LOSS-IN-WEIGHT TYPE 
Finest weighing type feeders for 
super-accurate chemical feeding. Ad- 
justable in pounds per hour over 100 
to 1 range. Three models (moximums 
of 100, 1000, and 4000 Ibs. /hr.) 
Bulletins 30-H12, K4. 
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LIME SLAKERS 

Lime Slakers . . . continuous opera- 
tion . . . available with capacities 
from 50 Ibs./hr. to 10,000 Ibs. /hr. 
Rapid, thorough slaking . . . main- 
tains high slaking temperature. Fur- 
nished with Gravimetric or Volu- 
metric Feeders. Bulletin 40.20. 


UNIVERSAL FEEDERS 
Handles dry material dependably 
and accurately whether lumps or 
fine powder, light or heavy. Large 
throat openings, effective agitation at 
the outlet zone. 40 to 1 range. Fur- 
nished in 3 sizes. Bulletin 20.20. 


ROTODIP FEEDERS 
Rotodip Feeders for feeding and 
metering low viscosity liquids and 
suspensions by volume. 100 to 1! 
range. Capacities to 1800 GPH (spe- 
cial models for higher rates). 


VOLUMETRIC FLUORIDIZER 
Model 50 Fluoridizer provides highly 
accurate, wide range fluoridation at 
oe cost within the means of smoll 
plant budgets. Rugged — compact — 
low filling height — dustless loading. 
Bulletin 50-K3 


BUCKET ELEVATOR 

Ideal for use where large hopper 
capacity is required and the hopper 
must be loaded from the same floor 
on which the feeder is located. Send 
for bulletin which shows diagram of 
a complete installation with acces- 
sories. Bulletin 77-J7. 


also Bulletin 10—K12A “Chemicals Used in Water & Sewage Treatment’. Omega 
Machine Co., 376 Harris Ave., Providence 1, R. 1. 


Proportioneers 


tioning equipment . 


40,000 installations. 


Largest manufacturer of chemical propor- 
. » Service-proven in over 
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HEAVY DUTY MIDGET 
All-purpose, positive displacement, 
diaphragm pump feeds safely and 
dependably a variety of corrosive 
fluids: hypochlorite, pH correctives, 
anti-corrosion chemicals — also abra- 
sive slurries. Cap. 0.5 to 9 GPH 
ogoinst pressures to 85 psig. Comes 
os “package” for easy installation 
and operation. Bulletin 1201-2. 


CHEM-O-FEEDER® 

Deluxe chemical proportioning pump 
for caustics, acids, slurries, etc. Fea- 
tures feed rate adjustment while in 
operation. Simplex, duplex (shown), 
ond triplex models — feed rates 0.2 
to 57 GPH for discharge pressures to 
125 psig. ‘‘See-thru” reagent end 
gives visual check on pump operation. 
Bulletin 1225-1. 


AUTOMATIC/PROPORTIONAL 
CHEM-O-FEEDER 
Powered by the flow through the 
pipe line, this efficient feeder controls 
chemical feed in proportion to main 
line flow. Paced by standard main 
line, bypass, or fire line meters. 
Capacities 0 to 5 GPH against 4 to 
100 psig. pressures. Bulletin 1260-2 


FLUSH FEEDER 

(Patent Applied For) 
For controlled feeding of slurries of 
thin mudlike consistency or corrosive 
chemicals. Unique check valve assem- 
bly mounted directly on slurry tank 
handles slurry . . . metering pump 
handles nothing but flushing fluid. 
Provides positive slurry flows. Re- 
duces need for frequent slurry make- 
up and reduces tank costs. Send for 
details. 


Send for product Bulletins, or comprehensive Bulletin B-I-F 6. Proportioneers, Inc., 376 Harris 


Ave., Providence 1, R. I. 
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Books and Reference Manuals 
Suggested Library Material for Water and Sewage Works 


by LINN H. ENSLOW and GEORGE E. SYMONS, Ph. D. 


Editors, Reference & Data Number, Water & Sewage Works 


Title and Price 


(F=Free Publisher Author 





|. Books for All Water and Sewage Works 


First Aid, 4th Ed. ' ; ....Appleton-Century-Crofts, Inc * ee Cole and Puestow 
Glossary—Water and Sewage Control Engineering 

($1.00) ASCE, APHA, AWWA, FSIWA 
Laboratory Manual for 3rd 

Ed. ($4.50) . 4 ET, og ere ae . McGraw-Hill Book Co Theroux, Malmann & Eldridg« 


Lime Handling, Application and Storage ‘ : 
in Treatment Processes (F) .. ...... National Lime Assn. ... en eee Rudolfs 
Modern pH and Chlorine Control, 12th Ed. (F) .... W. A. Taylor Co mad ...+.+. laylor & McCrumb 


Pipe Friction Manual, 1954 Ed. ($1.75) .. Hydraulic Institute aka ‘ icon wikis er ae 
Rural Water Supply and Sanitation, 2nd Ed. ($4.90) ....John Wiley & Sons ; ‘ . “a eau Wright 
Standard Methods for the Examination of Water, 

Sewage, and Industrial Wastes, 10th Ed. ($7.50) APHA, AWWA, & FSIWA 
Water Conditioning Data Book, 4th Ed. (F) The Permutit Co ‘ 


Il. Books for Large Water and Sewage Works 


\merican Civil Engineers’ Handbook, 5th Ed. ($14.00) ..John Wiley & Sons , Merriman & Wiggin 
Civil Engineering Handbook, 3rd Ed. ($11.00) McGraw-Hill Co : Urquardt 
Concrete Enginec rs Handbook . ceecee eesece McGraw Hill Book Lo . . Hool and Johnson 
Corrosion: Causes and Prevention, 3rd Ed. ($11.00) McGraw-Hill Book Co ; 7” ota ; Speller 
Corrosion Handbook ($15.00) . John Wiley & Sons Ried j Uhlig 
Data Book for Civil Engineers, I—Design, 

2nd Ed. ($16.75) , John Wiley & Sons ; Seelye 
Data Book for Civil Engineers, I] 

and Costs 2nd Ed. ($16.75) John Wiley & Sons ‘ Seelye 
Data Book for Civil Engineers, II] 

2nd Ed. ($7.50) .. , “rer ..+- John Wiley & Sons . : Seelye 
Engineering in Public Health ($9.00) McGraw-Hill Book Co Babbitt 
Freshwater Biology, 1918 Ed. ($10.75) John Wiley & Sons Ward & Whipplk 
Fundamental Considerations in Rates and Rate 

Structures for Water and Sewage Works 

Joint Comm. Rept. ($1.00) ASCE, ABA, AWWA, APHA, NARU( 
Handbook of Applied Hydraulics, 2nd Ed. ($15.00) : McGraw-Hill Book Co 
Handbook of Chemistry and Physics, 37th Ed. ($12.00) Chemical Rubber Co 
Handbook of Hydraulics, 5th Ed. ($8.00) McGraw-Hill Book Co 
Hydraulic Tables 3rd Ed. ($4.50 ......John Wiley & Sons ..... Williams & Hazen 
Industrial Water & Industrial Waste Water 

Analysis, 1953 Ed. ($1.50) Am. Soc. Test. Mtls 
Introduction to the Bacteria ($6.50) : aa ......MeGraw Hill Book Co. .. ‘ sale ... Clifton 
Mechanical Engineers’ Handbook, Power 

Volume, 12th Ed. ($10.00) John Wiley & Sons . Kent-Salisbury 
Microbiology, 2nd Ed. ($7.50) \ppleton-Century-Crofts, Inc Kelly and Hite 
Yane Surveving ($6.50) John Wiley & Sons Tracy 
Practice of Sanitation ($8.00 Williams & Wilkens Co Hopkins & Schulze 
Public Health Engineering, Vol. I ($8.50) John Wiley & Sons . Phelps 
Public Health Engineering, Vol. II ($5.50) John Wiley & Sons Phelps 
Pump Handbook ($4.00) I'he National Press Finch 
Pumps ($6.50) McGraw-Hill Book Co. ... Kristal & Annett 
Rainfall and Runoff ($9.00) The Macmillan Co. ; Foster 
Specifications and Law on Engineering Works ($6.50) John Wiley & Sons .. Sadler 
Standards of the Hydraulic Institute, 10th Ed. ($4.75) Hydraulic Institute 
Standard Mathematical Tables, 10th Ed. ($3.00) .Chemical Rubber Co 
Standard Practices for Low and Medium Speed 

Stationary Diesel Engines, 4th Ed. ($5.00) Diesel Engine Mfrs. Assn 
[Treatise on Applied Hydraulics, 4th Ed. ($9.50) . John Wiley & Sons ; Addison 
Water Supply and Waste-Water Disposal ($15.00) .. John Wiley & Sons Fair & Geyer 


Ill. Books for Small and Large Water Works 


Fluoridation as a Public Health Measure ($4.50) Am. Assn. for Advance of Science Shaw, et al 
Legal Guide for Water Works Men ($1.00) . Case-Shepperd-Mann Div., R.H Donnelly Co 
Manual for Water Plant Operators ($6.50) Chemical Publishing Co ‘ ‘ Hirsch 
Manual for Water Works Operators, 3rd Ed. ($5.00) rex. Wat. & Sew. Wks. Assn ; sillings, et al 
Operation of Water Filtration Plants of 

Mechanical Gravity Type—Bul. No. 484 ($1.00) San. Eng. Div., No. Car. St. Board of Health 
Taste and Odor Control in Water Purification, 

2nd Ed. (F) : -eeeeeeeeesss Industrial Chemical Sales Div 
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Purification Control, 3rd Ed. ($4.00) ee Williams & Wilkins Co se Hopkins 
Water Supply and Treatment, 7th Ed. ($1.25) .......... National Lime Assn Hoover 
Water Works Operation ($1.00) . , .. Case-Shepperd-Mann Div., R. H. Donnelly Co. wen 
Water Works Questions and Answers ($1.00) . .....Case-Shepperd-Mann Div., R. H. Donnelly Co. 


IV. Books for Small and Large Sewage Works 


Quality ($1.00) : Case Shepperd-Mann Div., R. H. Connelly, Co. 
Sewers, Spec. Rept. No. 5 ($1.00) ..Am. Pub. Wks. Assn. on 
yn Pipe, 2nd Ed. (F Cast Iron Pipe Research Assn. 
Sewage Treatment ($1.00) Case-Shepperd-Mann Div., R. H 
Plant Operators, 2nd Ed. ($5.50) ....Tex. Wat. & Sew. Wks. Assn 
($8.00) Williams & Wilkins a as Hopkins & Schulze 
Treatment, 4th Ed. ($1.25) National Lime Assn Rudolfs 
Chlorination Practice, Spec 
Am. Pub. Wks. Assn. 
John Wiley & Sons ‘ 
Case-Shepperd-Mann Div., R. H. 


V. Books for Large Water Works 


neering, 2nd Ed. ($5.00) John Wiley & Sons ane anal ... Waterman 
$11.00 McGraw-Hill Book Co. .... ; son laced ideo i sian 
-s McGraw-Hill Book Co. .... ‘ aaa ..ee+. Lolman 
$16.00) John Wiley & Sons . a8 Creager & Justin 
John Wiley & Sons Wisler & Brater 
ngs & Journal AWWA 
Am. Wat. Wks. Assn ‘ Fc diteieaia 
1 of Water Purification ($4.00) Case-Shepperd-Mann Div., R. H. Donnelly Co 
Works Accounting ($4.00) S ‘ Am. Wat. Wks. Assn a 
istrial Water, 1954 Ed. ($5.00) ‘ Am. Soc. Test. Mtls : : err . . sece 7 
Drinking Water, 4th Ed. ($12.00) John Wiley & Sons , Whipple, Fair & Whipple 
ok of Fire Protection, 11th Ed. ($10.50) National Fire Protectio " i pints : 
ipplies, 4th Ed. ($7.00) John Wiley & Sons : Turneaure & Russell 
tirement Experience with Water Works 
Am. Wat. Wks. Asst ee ‘ 
Water 5 Am. Wat. Wks. Assn ; ; N. M. Baker 
Ed. ($5.2 John Wiley & Sons Prescott, Winslow & McCrady 
For Industry ($9.00) McGraw-Hill Book Co , ‘ : Powell 
i Treatment, 2 ($4.00) Am. Wat. Wks. Assn . 
Purification, 3rd ($6.75) International Textbook Co Hardenbergh 
rineering, 5tl d. ($8.50) McGraw-Hill Book Co ; Babbitt & Doland 
Sewerage, 3rd Ed. ($8.50) McGraw-Hill Book Co Steel 
Purification, 2nd Ed. ($5.50) McGraw-Hill Book Co Ryan 
dustrial and Other Uses ($12.00) Reinhold t00k Division ‘ ° Nordell 


I 


Vi. Books for Large Sewage Works 


Practice Vol. Il—Construction of 
McGraw-Hill Book Co Metcalf & Eddy 
e Practice I1I—Disposal of 
Ed. ($10.00 McGraw-Hill Book Co Metcalf & Eddy 
Waste Disposal Charges in Cities over 
ypulation, Spec. Rept. No. 185 ($2.00) Arh. Pub. Wks. Assn Baffa, et al 
Wastes. Their Treatment and Disposal ($9.50) Reinhold Book Div Rudolfs, et al 
Waste Treatment ($7.50 McGraw-Hill Book Co ; Besselievre 
Industrial Waste Treatment ($9.50) John Wiley & Sons ae Gurnham 
Minimum Requirements for 
$1.25) U.S. Gov't Printing Office : ce a ; 
d Sewage Disposal, 2nd Ed. ($8.50) McGraw-Hill Book Co Metcalf & Eddy 
ce Charges in Cities over 5000 Populatiot 
No. 18 ($2.00 Am. Pub. Wks. Assn Tatlock, et al 
Treatment, 3rd Ed. ($6.75) International Textbook Co +. Hardenbergh 
Sewage Treatment, 7th Ed. ($8.75) John Wiley & Sons , Babbitt 
: » (S35 00) John Wiley & Sons ‘ Phelps 
ndex to Sewage Works Journal (1920-48) 
Fed. Sew. & Ind. Wastes Assns Wisely & Symons 
f Accounts for Sewer Utilities ($5.00) Fed. Sew. & Ind. Wastes Assns 


SEW ag ¢ 


Vil. Technical Reports, Manuals, Bulletins and Reprints’ 
\. Userut 1n BotH WaTER AND SEWAGE WorKs 


National Lime Ass1 


Dorr-Oliver, Inc 


State Health Departments, and most colleges of engineering have many manuals, bulle 
f interest to water and sewage plant operation. Also, equipment manufactures otter tree 
process operation in the fields of water supply and sewage disposal 
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Title and Price 
(F=—F ree} 


Publisher Author 





Financing Water Works and Sewerage Works 
Projects ($2.00) ...... 

Flow of Fluids Through Valves, Fittings and Pipe, 
1956 Ed. (F) .. 

Keep Sheets of B-I-F Industries, Inc. ($1.00) 

Manual on Chemical Feed Machines, 1953 Ed. ($2.00) 

Manual on Consumer Water Rates, Part 1, 1952 Ed. 
SD Avo b eaaviea cus Fined shes ele cd ebnehyeceeannrens 

Principles of Handling Chlorine (F) 

Public Relations Manual for Water Works and Sewage 
Works Operators ($2.00) 

Specifications for Stationary 
Installations (F) 

The Chlorine Manual 


Chlorine Storage 


(F) 


Copper Sulfate in Control of Microscopic Organisms, 
1954 Ed. (F) . a pei 
Drinking Water Standards ($0.10) ........ 
Fire Engine Tests and Fire Stream Tables (I) 
Operation and Repair of Water Facilities in Civil 
Defense Emergencies ($0.25) 7 
Pamphlets on Story of Water ($0.05 to $0.10) 
Reprints of AWWA Committee Reports and Standards 
(order by number from list of AWWA publications ) 
Silent Service Is Not Enough 
Water Rates Manual ($1.25) 
Water Rate Structures in America ($0.25) 
USEF 
Sanitary 


( 


Copper Sulfate for Root and Fungus Control in 
Sewers and Storm Drains, 1954 Ed. (F) 
Manuals of Practice Nos. 1,2,3,4,5,6 (various prices) 
Report of Committee of Great Lakes—Upper Mississippi 
River Board of State Sanitary Engineers 
Bull. No. 42 ($1.00) 


Mo. Wat. & Sew 
Crane Co. 

B-I-F Industries, 

Mo. Wat. & Sew. Cont. 


Mo. Wat. & Sew. Conf. 
The Chlorine Institute 


Mo. Wat. & Sew. Conf. 


Institute 
Institute 


The Chlorine 
The Chlorine 
UL IN WaTER WorkKS 
Phelps Dodge Refining Corp. 
Govt. Printing Office 

. Bd. Fire Underwriting 


Printing Office 
Wks. Assn. 


. Govt. 
Wat 


Wks 
Wks 
Wks 


Comm, 


Assn, 
Assn. 
Assn 

ol 


Wat. 
Wat. 
Wat. 


Serv. 


Am. 
Am. 


UL IN SEWAGE WorKS 
Phelps Dodge Refining Co 
Fed Ind. Was. Assn 


Sew 


State Health Dept 


Addresses of Book Publishers 


Association for the Advancement of Science 
an Public Works Assn 

an Society for Testing Materials 

an Society of Civil Engineers 


Assn 
In 


Americ 
\ meric 
A meric 
\ mericz 
American Water Works 
A ppleton-Century-Crofts, 
I-F Industries, Inc 
ase-Shepperd-Mann Div., 
ase Iron Pipe Research 
Chemical Publishing Co., 
Crane Co ‘. 

Diesel Engine Manufacturers Assn 
Dorr-Oliver Co., In« 
Federation of Sewage 
Hydraulic Institute 
Industrial Chemical Sa 
International Text Book Co 

John Wiley & Sons, Inc 

McGraw-Hill Book Co. . 

Missouri Water and Sewage Conference 
National Board of Fire Underwriters 
National Fire Protection Assn 

National Lime Association 

North Carolina State Health Dept 

N.Y. State Health Dept 

Phelps Dodge Refining Corp 

Public Service Commission of Wisconsin 
Reinhold Book Division 

Texas Water and Sewage Works Assn 
The Chemical Rubber Co 

The Chlorine Institute 

The Macmillan Co 

The National Press 

The Permutit Co. > 
United States Government Printing Office 
W A Taylor & Co 

Williams & Wilkins Co 


an 


R. H 


Assn 
Inc 


Donnelly Co 


B 
( 
( 


and Industrial Wastes Assns 


les Diy 


lddress 


Connecticut Ave., N.W., Washington 6, D.C, 
1313 East 60th St., Chicago 37, Ll 
1916 Race St., Philadelphia 3, Pa 

West 39th St., New York, N.Y 
Park Ave., New York 16, N.Y 

West 32nd St., New York 1, N.Y 

345 Harris Ave., Providence, R.] 
305 E. 45th St., New York 17, N.\ 
122 So. Michigan Ave., Chicago 3, 
212 Fifth Ave., New York 10, N.Y 
836 So. Michigan Ave., Chicago 5, 
1 No. La Salle St., Chicago 2, Ill 
Barry Place, Stamford, Cont 
.4435 Wisconsin Ave., N.W., Washingto1 
.122 E. 42nd St., New York 17, N.Y 
230 Park Ave., New York 17, N.\ 
. Scranton 9, Penna 

440 Fourth Ave., New York 16, N.Y 
330 West 42nd St., New York N.Y 
State Office Bldg., Jefferson City, Mo 
85 John St., New York 38, N.Y 

60 Batterymarch St., Boston 10, Mass 
925 Fifteenth St., N.W., Washingto1 
Raleigh, No. Carolina 

Albany 1, N.Y. 

300 Park Ave., New York New 
State Office Building, Madison, Wis 
430 Park Ave., New York 22, N.Y 
2202 Indian Trail, Austin, Tex 
.2310 Superior Ave., Cleveland 14, Ohio 
.50 East 41st St., New York 17, N.Y 
.60 Fifth Ave., New York 11, N.Y 

.435 Alma St., Palo Alto, Calif 
330 West 42nd St., New York 
Washington 25, D. C. 

.7300 York Road, Baltimore 4, Md 
Royal & Guilford Aves., Baltimore 


1025 
33 


> 


35 


Ill 


Ill 


16. D. ¢ 


36. 


D4 


22 York 


N.Y 


6, 


> 


Md 
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Til. MANAGEMENT 


The following section is devoted to the subject of 
management and the problems it entails. The brief 
yutline below sets forth the several factors and phases 
that are important to the manager of either a water 
or sewage works, large or small. 


|. Financing 
\. Capital Expenditures 


B. Operation 


Rate Schedules 

\. Funds Required 
Amortization 
Operation Costs 


Surplus and Contingency 


Sliding Scale 
Volume 
Combined Water 


and Sewage 


Ill. Office Operation 
\ Records 


B. Procedures 


Not every problem and phase of management is or 
can be presented in one issue but reference material 
not included in this issue will be found in other Ref- 
erence and Data issues. 


C. Administration 
D. Personnel 


IV. Public Relations and Policy 
A. Customer Relations 


B. Employee Relations 


V. Lands and Laws 
\. Rights of Way 
B. Property 
C. Legal Restriction 
D. Commissions 


Vi. Safety 
\. Causes of Accidents 
B. Cost of Inquiry 
C. Program 


D. Practices 
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Management Problems 


Partner, 


ANAGEMENT in the abstract 

sense implies control or mastery. 
As applied to water works, good 
management is evidenced by the su- 
periority of capacity over require- 
ments, by revenues adequate to pro- 
vide good service and finance expan- 
sion in advance of need, by the 
equitable apportioning of revenue 
requirements among those using the 
service, and by the general satisfac- 
tion of the users. 

One of the prime attributes of 
management is timing. Good man- 
agement anticipates rather than 
follows needs. Any water works 
that has not provided for future 
needs is habitually unable to meet 
the needs as they mature, whether 
they be physical or financial. 

There are many types of manage- 
ment problems, including: 

1. Being alert to the requirements 
for service, present and future. 

2. Interpreting the service 
quirements in terms of facilities, 

3. Assuring that the facilities are 
available when needed. 

4. Carrying forward ordinary 
operations with economy and satis- 
faction to the consumers. 

Anticipating the necessity for 
replacing property and making the 
financial arrangements that are re- 
quired. (It is the author’s belief that 
inasmuch as facilities furnish serv- 
ice, it is property rather than dollars 
that must be protected by the depre- 
ciation reserve.) 

6. Raising the funds necessary to 
provide for the orderly expansion of 
the property to meet growing needs. 

7. Providing revenues adequate 
to support the property and its serv- 
ices. 

The author feels that the greatest 
single responsibility of management 
is to assure that its earnings are suf- 
ficient to enable it to supply the best 
service. As the cost of water service 
in the average American home is 
less than 1.5 cents a day per capita, 
the difference in cost between excel- 
lent and mediocre water service 
rarely exceeds a fraction of a cent 
per capita per day. This responsibil- 
ity to assure the best service is 
shared by regulatory commissions. 


re- 


reprinted from 


Mr. Howson’s article - 
, by permission of 


JAW.W.A., Vol. 45, p 
the Association. 


By LOUIS R. HOWSON 
Alvord, Burdick, & Howson, Chicag 


Coordination of Activities 


Good management, therefore, 
forecasts its requirements for serv- 
ice, formulates a sound, well-dis- 
tributed construction program, a 
sound financial policy, economical 
administration of operations, and 
the equitable allocation of revenue 
requirements through the medium 
of fair rates. All of these functions 
must be coordinated to effect a uni- 
fied, interrelated procedure. Each 
function has its own problems. 


Construction Program 


The normal American water util- 
ity is a growing institution. The 
population which it serves rose ap- 
proximately 35 per cent in the dec- 
ade 1941-50. Water requirements 
(127 gped in 1945) are usually in- 
creasing at a rate of 1-2 gpcd per 
year. 

The cost of supplying water 
works facilities over the past three 
decades has increased at least 2.5 
times as fast as the population. In 
1907 the U.S. census report showed 
the average book cost of water 
works to be approximately $30 per 
capita. Forty years later this figure 
was approximately $75 per capita. 
Recent cost-of-reproduction estimates 
of approximately twenty water 
plants show an average of 195 per 
cent of the original costs—that is, 
the cost of reproducing the average 
water works in 1952 would be ap- 
proximately $150 per capita. 

As all construction of new facil- 
ities must take place in the future, 
provision for financing must like- 
wise be at future costs. The experi- 
ence obtained from the Civil War, 
World War I, and World War II 
indicates that construction costs will 
never again be as much as 25 per 
cent below those of 1952, The En- 
gineering News th Construc- 
tion Cost Index in October 1952 
stood at 588.48 based on 1913=100. 
Cost-of-reproduction estimates indi- 
cate that water works construction 
reflects approximately 85 per cent of 
the increase in the general construc- 
tion cost index. 

It is part of good management for 
every water works, large or small, 
to have its future water require- 
ments studied and its construction 
programmed and periodically re- 
viewed for at least a decade in ad- 
vance. If these precautions are 


Today 


taken, it will be practicable to co- 
ordinate construction and financing 
and thus make both much simpler 
and more economical. Only by ad 
vance study and planning can in 
adequacies and the accompanying 
consumer dissatisfaction be avoided 

The development of a well-con- 
sidered construction program usual- 
ly accomplishes the following: 

1. It provides the funds required 
for construction when needed and not 
before. In this way it saves the fixed 
charges on expenditures which 
otherwise might be made before they 
are necessary, and eliminates the 
inadequacies in service resulting 
from delays in carrying out large 
expansion programs. 

2. Construction and expenditures 
are made as uniform as practicable. 
A small expenditure for construction 
made each year is preferable to ac- 
cumulated deficiencies corrected at 
infrequent intervals. 

The development of such a pro 
gram minimizes future obsolescence 
in that each year’s construction, in 
addition to being designed to serve 
the immediate needs, is planned to fit 
in with ultimate requirements. 


Financial Policies 


Many of the problems of water 
works management are independent 
of ownership, whether public or pri 
vate. Other problems, such as means 
of financing growth requirements 
and determining rates for service 
within and outside the city limits, 
differ appreciably in publicly and 
privately owned water plants. 

Private water works are ordinar- 
ily financed approximately two 
thirds by funded debt and one-third 
by equity money. The rates must be 
adequate to attract the necessary 
capital from both sources. Practi- 
cally all private water companies are 
under the jurisdiction of public util- 
ity commissions that operate under 
statutes which, in general, prescribe 
that rates shall be sufficient to yield 
a fair return upon the fair value of 
the property. This general rule has 
in recent years been superseded in 
some states, including Illinois, by a 
“cost of money” basis. In applying 
this basis, the original cost of the 
property is reduced by the net credit 
balance in the depreciation reserve, 
the funded debt is deducted, and the 
balance is taken as representing the 
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equity interest in the property. Upon 
this equity interest, a rate of return 
of approximately 10 per cent 1s con- 
sidered to attract capital. 
On this basis, the equity owners get 
no compensation for the hazard in 
constructing and operating the two- 
I the property represented 
by debt, and the rate base gives no 
consideration to inflation, the de 
creased purchasing power of the dol- 
lar, the reproduction cost, or the fair 
value of the property. 

Che continued application of this 
procedure, in the author’s opinion, 
will impair the financial 
credit of the water companies and 
their ability to provide the facilities 
which the consumers should have; 
consequently, the service will de- 
teriorate, The author sees no justifi- 
ation for differentiating between 
basis of valuing water works 
property and other properties with 
the water works is competing 
or its financial requirements. “Fair 

ue” fluctuates with the purchas- 

value of the dollar whether that 
lar be expended in water works 


necessary 


thirds of 


seriously 


the 


' 1 
vhicl 


in an office building. Inasmuch as 


it is a responsibility of management 
to provide capital for expansion, it 
follows that it is also its duty to see 
are adequate and prop 
order that con 


assured 


that eart ings 
erly determined in 
tinuity of funds is 
Municipalities, on the other hand, 
perate under different 
Municipalities which 

ned their water systems for 

xis and have wisely man 
either debt free or 
indebtedness. It is be- 
that the revenues of such 
pal water works essentially 
the sum of the require 
operating and mainte 


somewhat 


peri 
them 


1] 
iil 


are 
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Safe Water 

delivered night and day Last 
Costs Less 

than anything else you buy 
«+ but«- 


Don’t Ignore 
Leaks! ° 


Satisfied customers are worth 
more to us than revenue 
secured from water uselessly 1 
passing through meters. WT 


INDIANAPOLIS WATER Co. 


nance expenses, depreciation re- 
serve, and the average annual needs 
for additions and betterments. This 
sum constitutes the amount to be 
collected from consumers within the 
city who are the stockholders in the 
municipal water plant. 

Che situation tor service supplied 
by municipal plants to consumers 
located outside the city differs ma- 
terially. Service to such outside con- 
sumers should be strictly on a utility 
basis. These consumers should pay 
rates adequate to yield a fair return 
on the fair value of the property. 
Under these assumptions, the inside- 
city consumers get their water sub- 
stantially at cost, whereas the out- 
side-city consumers pay higher rates 
in order to yield a fair return on 
the value of the facilities provided 
and paid for by others. Recently, in 
two cities in which inside and out- 
side rates were figured on this basis, 
the outside rates were approxi- 
mately 175 per cent of those inside 
the municipality. 

Municipal plants should develop a 
sound financial policy designed 
eventually to retire indebtedness and 
get on a “pay as you go” basis. 
When this result is accomplished, 
the revenues collected through rates 
should be sufficient to pay operating 

pro- 
cover 


and maintenance expenses; to 
amount sufficient to 

additions to the water 
works such as distribution system 
extensions and meters; and to fur- 
nish an additional amount to cover 
the average annual requirement for 
major additions, this sum being ap- 
portioned and impounded during the 
period between major addi- 
tions 

Such a policy followed over a long 
period will result in the cost of water 


vide an 
ordinary 


such 


BLOTTING OUT WASTE 


Saee of ~ 
a4 Hours 


. 215 


( Abowe setimates 





3,200 97,600 
860 26,230 


6,550 
teed ly — J 
Presewre without ciewenes for foution ) 


works expansion being approxi- 
mately 40 per cent less than it would 
be under debt financing. Costs are 
amortized as incurred without inter- 
est charges. 

Financing from revenues in muni- 
cipal plants has the following ad- 
vantages: 1. It provides new con- 
struction when needed without re- 
sorting to bond issues. 

2. It avoids possible delays in- 
curred by voting on bond issues. 

3. It avoids the political exi- 
gencies which arise when bond 
issues are presented. 

4. When such a financial program 
is properly developed in connection 
with a comprehensive construction 
program, the bulges in fixed charges 
due to bond issues are avoided. 

5. The consumer’s attention is fo- 
cused upon service rather than cost, 
which is the main consideration 
when bond issues are presented. 

6. Financing new _ construction 
from revenues reserves to the water 
department rather than the politi- 
cian the control of its ability to 
finance, construct, and maintain 
high-quality service 


Conclusion 


Good management does not just 
happen. It is created. Conferences in 
which mutual problems are dis- 
cussed and experiences exchanged 
contribute to better management 
The better the management, the 
fewer the problems that recur. An- 
ticipation is superior to correction. 
The key to good management is 
planning, coordination, and timely 
execution of construction, financing, 
and operating procedures in a man- 
ner to meet the approval of the 
greatest proportion of the water 
users. 


What Leaks May Cost 


Colloms Cont 
per Month (per Month 


47,600 1,451,800 $156.21 


O 12,300 375,150 60.05 


19.65 


6.35 


1.97 


The above is a reproduction of the top side of a little blotter 
sent out to customers, reminding them of the high cost of allow- 
ing fixture leaks to persist. If as good at blotting waste as ink, 
the scheme is praiseworthy. 


W.&S.W.— REFERENCE & Data—1956 








Sewer Service Charges Based on Metered Water 


ee ER service charges based on 
\J metered water use are becoming 
more common as more communities 
seek to establish an equitable system 
of payment for sewage treament. 

The trend toward setting sewer 
service charges on the basis of water 
consumption results from the recog- 
nition that most water distributed 
through a city’s system eventually 
reaches the sewer system. 

This practice is accepted as theo- 
retically ideal because the sewer serv- 
ice charge is based on the volume of 
sewage contributed. In metered com- 
munities adoption of such charges is 
not difficult. Sewer charges based on 
metered water readings are simple 
enough to understand, easy to apply, 
and fair enough to be acceptable to 
the people in each community. 

Charges can be expressed as a per- 
centage of the water bill or as rates 
based on water consumption. Gener- 
ally, the sewer rate is lower than the 
water rate. In some cases the water 
and sewer rates are combined into a 
single rate. 

Setting of sewer rates based on 
metered water consumption “is com- 
ing to be the most popular and pos- 
sibly the most equitable system of 
levying sewer charges,” according to 
George H. Esser, Jr., Assistant Di- 
rector of the Institute of Government 
of the University of North Carolina. 

Advantages listed by Mr. Esser for 
sewer rates based on metered water 
consumption are as follows: 

1. General practicality ; 

2. Smaller cost of billing and col- 
lecting sewer charges ; 

3. Greater convenience to the cus- 
tomer ; 


by JOSEPH S. ROSAPEPE 


e, Dudley, Anderson & Yutzy, New 


4. Closer relation of sewer use to 
water consumption ; 

5. Effective means of enforcing 
sewer charges by cutting off water 
for non-payment of the sewer service 
charge. 

In his study of sewer charges, Mr. 
Esser was particularly concerned with 
the equitable level of rates adopted. 
He said: 

“While sewer charges are a valid 
and lucrative source of revenue in 
financing the construction and opera 
tion of sanitary systems and 
sewage treatment plants, rates should 
generally be readjusted somewhat in 
line with the principle recommended 
in the joint report issued by commit- 
tees of the American Society of Civil 
Engineers and the American Bar 
Association.” 


sewer 


Chis joint report stated: 

“The needed total annual revenue 
of a water or sewage works shall be 
contributed by users and non-users 
(or by users and properties) for 
whose use, need and benefit the facil- 
ities of the works are provided ap- 
proximately in proportion to the cost 
of providing the use and the benefits 
of the works.” 

This principle is reflected in the 
changing methods of setting sewer 
charges. Originally such charges came 
into being as a relief to the burden of 
the real estate tax, but in most cases 
were set on a flat-rate basis. 


Puts Sewage Disposal on 
Self-Supporting Basis 

Currently the trend toward charges 
based on metered water use is being 
speeded up by the goal of putting 


sewage disposal on a self-supporting 
basis. This, in effect, follows the pat- 
tern of what metered rates have done 
for water service. 

A 1954 report by Floyd Browne and 
\ssociates, consulting engineers of 
Marion, Ohio, recommended a sewer 
service charge for construction of 
sewage disposal plant and a related 
network of interceptor sewers in 
Niles, Ohio, based on metered water 
use 

According to the report, such serv- 
ice charge to defray costs of revenue 
bonds is the preferred system used by 
municipalities today. 

rhe report pointed out that a num- 
ber of methods have been used to de- 
termine sewer charges number of 
people in a household, sanitary fix- 
tures per dwelling, number of fac- 
tory employees, flat rates, or size of 
water meter or connection. 

“All of the above methods are rap- 
idly being superseded by the use of a 
rate based on water consumption,” 
the consulting engineers’ report said 

Among cities which use metered 
water rates for setting sewer charges 
are: Elkhart, Ind.; Bayonne, N. J.; 
Salem, Va.; South Bend, Ind., and 
others. 


Typical Examples 


Typical of the system used in some 
communities is the practice adopted 
in Waynesboro, Va., on the recom- 
mendation of the engineers for the 
sewage treatment plant. Users of the 
city’s sewage works since July 1, 
1954, are charged 60 per cent of their 
water bill to service the sewage bonds 
and maintain the treatment plant. 
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Users of the sewage works who 
live inside the corporate limits are 
charged a minimum of 90 cents. This 
is set on the basis of the first 1,500 
gallons of water. Above that volume 
the charges are as follows: next 50,- 
000 gallons, 24 cents per 1,000 gal- 
lons; next 150,000 gallons, 18 cents 
per 1,000 gallons; next 200,000 gal- 
lons, 12 cents per 1,000 gallons; and 
over 401,500 gallons, 9 cents per 
1,000 gallons 

The rates for users outside the cor- 
porate limits are also 60 per cent, 
although the minimum is $1.80 and 
the rates per bracket for city users 
are doubled for each comparative di- 
vision. This is due to the double rate 
for water users beyond the corporate 
limits of Waynesboro. 

For private water suppliers, the 
city ordinance the 
amount discharged into the sewers 
shall be determined by meters pro- 
vided by the consumer or at the con- 
sumer’s expense with an applicable 


specifies that 


rate to be charged. 

In Springfield, Ill., sewer charges 
based on metered water went 
into effect in 1954 to pay for a long- 
range $9,000,000 sewer and sewage 
disposal improvement program. 

The minimum 
range from $1 per month upward 
[hey are computed on a schedule of 
rates based on the monthly consump- 
tion of water per meter. The charges 
range from 20 cents per 100 cubic 
feet of water for the first 3,000 cubic 
low as 8 per 100 
cubic feet for all water in excess of 
30,000 cubic feet per month. 


When first intro- 
duced, the City Council issued a 
statement which “This is not 
to be interpreted as a raise in water 
Rather, the system devised is 
a service charge against users of the 
with billings to be 

through the City 
Power Depart- 


use 


service charges 


teet to as cents 


the system was 


said: 
rates 
I system, 


monthly 
Light, 


made 
Water, 
ment.” 

\t that time the Mayor of Spring- 
field, in a formal statement, said: 

“The rate ordinance establishes 
monthly service rates based on water 
consumption, computed on a gradu- 
ated scale so that the heavier water 
consumers, who technically also are 
the heavier users of the sewer sys- 
tem, will pay the greater charges. On 
the average it is anticipated that ap- 
proximately one-half of metered 
properties within the city of Spring- 
field will pay only the monthly mini- 
mum of $1.” 


and 


Kan., a sewer rate 


In Lawrence, 
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was adopted in 1954 after a $3,000,- 
000 water and sewer improvement 
bond issue was sold. The Lawrence 
schedule made outright provision also 
for disposal of “waste water from 
non-conserving air conditioning 
equipment,” on the following basis: 


For the first 10,000 gallons or less 
per month, $1.25 per month. 

For the next 290,000 gallons per 
month, at the rate of $0.08 per 
1,000 gallons. 

Over 300,000 gallons per month, at 
the rate of $0.04 per 1,000 gal- 


lons. 


In Fort Branch, Ind., the sewer 
charge starts with the minimum of 
$2.50 per quarter, to which is added 
30 cents for every 1,000 gallons of 


water metered over 9,000 for the 


quarter. For example, a person who 


uses 12,000 gallons of water a quar- 
ter, for his sewage charge pays $2.50 
for the first 9,000 gallons with the 
remaining 3,000 gallons being billed 
at 30 cents per 1,000 gallons, making 
a total bill of $3.40 for the quarter. 

Galveston, Tex., in January, 1954, 
joined the cities using this advanced 
practice of levying sewer charges on 
the basis of water consumption after 
taxpayers authorized a $2,700,000 
bond issue for the construction of a 
sewage treatment plant and inter- 
ceptor line. 

Sewer charges for industrial and 
commercial users, based on metered 
water bills are: First $5 of water bill, 
40 per cent, $2 minimum charge; 
next $5 of water bill, 35 per cent; 
next $10 of water bill, 30 per cent; 
next $30 of water bill, 25 per cent; 
next $50 of water bill, 20 per cent; 
next $200 of water bill, 15 per cent; 
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SEWAGE CHARGES based on metered water consumption in Mt. Clemens, Mich. 
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and the water rate, expressed in cubic feet. 
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Separate Meter for Sprinkling Lawn 
Will Save Sewer Levy on That Water 
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Wave you been irked over pay- 
ing the city’s 40 per cent sewage 
department debt assessment on 
water used for sprinkling 
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WATER BILL 


billed their first tinf® ~aider the 
effective on Jan. 1, and there have 
aterworks Commissioner Marshall 
er, The News has received numer- 
mostly in the form of complaints. 
m, 6, and are continuing according 
sending out its notices. 

rized by taxpayers when the $2,700,- 
tion of a sewerage disposal plant 
a4 
1 be paid off through the sewer 
ved for tion and 4 
tts and replacements, McNeel said. 
‘oved by the citizens advisory com- 
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TYPICAL of the trend toward sewage charges on the basis of metered water consumption are 
these newspaper headlines, 


Users Pay 
by Meter 


those plants which discharge 
clear water which is not contami 
nate! a, is the usual water going 
imo the sewer system 

Such non-paljutcd water can be 
diverted, even if it is purchased 


PROPER MAINTENANCE is the most important factor in assuring accuracy of meters. 


n the meter shop at Van Nuys, Calif., 


is typical of the testing facilities in 
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next $300 of water bill, 10 per cent; 
and next $500 of water bill, 5 per 
cent. 


More Examples 


In January, 1954, Boulder, Col., 
increased its sewer rates and changed 
from a flat-rate charge to a propor- 
tional new sewer service charge sys- 
tem based on the amount of water 
used during the first quarter of each 
year. 

It was estimated that the 
schedule raised the average residen- 
tial rate from the previous $2.14 a 
year to $5.47 a year. For all cus 
tomers, including business places, the 
average went from $3.04 to 


new 


cost 


$7.37, raising the city’s revenue for 


the sewer maintenance fund from 
$16,300 in 1953 to an estimated $38, 
000 in 1954 

The annual sewer charge for 
tomers with water meters is 3.5 cet 
per 1,000 gallons of water used, based 
on four times the metered water used 
during the first quarter of the year. 
Instead of figuring the sewer charge 
on the amount of water used in each 
quarter of the year, the charge for 
each of the four quarters is deter- 
mined by the water consumption dur 
ing the first quarter. The minimur 
sewer charge for metered water cus 
tomers is $4 a year. 

The new schedule provides no sep- 
arate business rates because all busi- 
ness places have water meters, as do 
fraternity and sorority houses and 
the University of Colorado. Charges 
for customers outside the city limits 
are double those inside the city. 

Perris, Calif., has a minimum 
charge of 50 cents per building, with 
a quanitty charge of $1 for 
4,000 cubic feet of 
which is assumed to be 90 per cent 
of the water unless the user 
submits evidence to the contrary. 

\ similar rate, based on consump 
Redlands, Calif., 
establishment, 
industrial 


each 
sewage flow, 


usage 


tion, is used in 
where business 
manufacturing plant 
building is charged for each sewer 
connection The schedule provides 
for the following rates: 50 cents for 
the first 1,250 cubic feet of water 
used, 75 from 1,250 to 2,000 
feet, f each additional 


and for 
cubic feet an additional 40 


each 
and 


cents 
cubic 
1.000 
cents. 
In Troy, Pa., water and sewer 
rates were increased early in 1954 
to put the city on a better financial 
basis. In 1953 the Borough water 
system received about $11,250 in rev 
enue and spent about $14,750 for 
operation, maintenance and repair 
representing a loss of $3,500. 
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Che minimum water rate was 
raised from $2.50 to $3, affecting 90 
per cent of the Borough’s water users. 
When the sewer rates 
a large ber of users were brought 


? 


were raised, 


the S 


undet 


minimum use charge 
is charged for more 
(the minimum), 
bill excess 

sewer department in 
eminimum charge of $3 is col- 


to the $3 minimum charge 


watet 
HU00 


use! 
on 
gallons 


wate! in 


Some Disadvantages and 
Their Solutions 


trend toward 
charges on the basis 


strong 


Despite the 


evving 


sewet 


metered water consumption, some 
have pointed to slight dis 
this method. These dis 
ire not 
to a 


charges 


enough, 
to 


serious 


lead reversion 


ere all the 


discharged 


ire noted wi 
umed 


wer system, 


1s 


not 
as in the case 
sprinkling and bottling of 

\nother factor to be 


considered is that industrial sewage 
concentrations are not takeni nto con- 
sideration 

Some authorities say that generally 
it is best to make exceptions or spe 
cial provisions for charging such in- 
dustries bottlers, ice companies, 
ind those with air conditioning units. 

The problem of water used for 
sprinkling which did not go 
into the sewage disposal system 
brought on a unique development in 
Waverly, Iowa, in the summer of 
1954. Utilities Superintendent Glen 
Yarger reported that he was getting 
requests for additional meters to bé 
placed on faucets supplying water 
for gardens and lawns 

He said that the requests resulted 
from the much higher rates 
now in effect in Waverly and that 
such requests came from people who 
did not want to pay sewer charges 
for water use don lawns and gardens. 

In Marathon City, Wis., where the 
sewer charges are fixed at one-half 
the metered water bill ,consumers are 
credited for -water used in lawn 
sprinkling which does not reach the 
system. Bills for the period 
July 1 to September 30 are 


as 


lawn 


sewer 


sewel 
from 


based on water consumption for the 
preceding billing period. 

The Marathon City ordinance also 
provides a credit for consumers 
where o portion of the water used is 
not discharged into the system. In 
this case the amount of water de- 
ducted in computing the sewer serv- 
ice charge is credited provided a sep- 
arate meter is installed to record this 
portion of the water used. 

In Wheeling, W. Va., the problem 
of levying a sewer charge against 
consumers having their own wells as 
a supply source was faced in the ordi- 
nance providing for the city’s new 
$7,500,000 sewer system. 

The oridnance setting up the sewer 
rates of one and one-half times the 
water bill did not overlook the cus- 
tomer who gets water from his own 
well or from any source other than 
the city water department. 

If the water from such a source 
is not already measured by a meter, 
the law as proposed requires the 
owner to install, at hi sown expense, 
a meter which will satisfactorily 
measure the amount water used 
so the sewer service charge can be 
established. 


ol 





FLOW OF WATER IN HOUSE SERVICE PIPES 
(To find the discharge in gallons, multiply by 7.48) 
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Administration of Small Water Plants 


Chief En 


7 HAT is administration? The 
words management and admin- 
istration are synonymous and mean 
the conducting or carrying on of 
affairs—of a business, for example. 
That business can be a water works. 
An error is frequently made in think 
ing of the large-plant man and the 
small-plant man as two different 
kinds of men. In fact they not, 
for they are the same kind of man 
in constant and daily need of different 
approaches to the same kinds of prob 
Progress in solving the man 


are 


lems. 
igement problems of the small plant 
cannot be made by driving imaginary 
wedges between large water utilities 
and small ones, or by assuming that 
one is enlightened, well meaning, and 
knows all the answers, and the other 
is not and, therefore, must be 
“managed.” 

When does a plant cease to be 
“small” and become “large”? There 
are now more than 100,000,000 people 
in organized communities in this 
country who receive safe and depend 
able water supplies from publicly and 
privately owned water utilities. On 
the average, this service is supplied 
by one employee for each 1,250 people 
served. In other words, 80,000 people 
serve 100,000,000. This is big busi- 
ness ,whether a community is served 
bv 5 or 5.000 employees These 80,000 
persons, each possessing an almost 
infinite variety of skills, training, and 
talents, every day of the year without 
ceasing, are contributing unselfishly 
and selflessly of their energy, ability, 
and ingenuity to the biggest business, 
in tonnage, in the United States 
There is no precise or scientific way 
by which the achievement or contribu 
tion of each can be measured. But this 
is not important. It is necessary, 
though, that the water works profes- 
sion foster among its members a 
broad and sympathetic understanding 
of the mutual responsibilities and 
problems of small and large plants 
Such an understanding among water 
works men will result in greater en 
couragement from the public 

Why should the water works in 
dustry improve its administration? 
Good management is the result of a 
combination of continuing policies, 
including expansion of both facilites 
and operations, sound financing, effi- 
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cient conduct of business, and satis 
fying services. Good management is 
as essential for small plants as it is 
for large water works systems. All 
too often management is considered 
to be confined to the direction of more 
or less routine operating functions 
In a practical sense, it must include 
sound planning for the future and the 
coordination of needs, plans, and ac 
complishments with the financial 
obligation and ability of the 
munity to support them 


Water Works Administration 
Committee 


com 


The water works profession will ac 
complish much to improve its own 
status if it can produce an enlightened 
and progressive top management 
The purpose of the American Wate 
Works Association’s Committee on 
Water Works Administration is to do 
just that, as illustrated by the purposes 
of its various subcommittees: 

Constitutional and Statutory As 
pects of Municipal Water Works 
Organization—charged with the duty 
of studying existing state and prov 
ince laws and municipal ordinances, 
and formulating principles relating to 
types of municipal water works or 
ganizations. 

Radio and Mobile Communication 
Facilities for Water W orks—charged 
with the study of the use of radio and 
mobile communication facilities avail 
able for water works, together with 
the collection of data on the use of 
radio in the water works field. The 
committee has a continuing interest 
in federal activities affecting wave 
allocation to utilities. 

Water Used in Air Conditioning 
and Other Refrigeration — charged 
with the study of the problems arising 
from the use of water in air condi 
tioning and other refrigeration and 
to recommend policies as they affect 
water works (and sewage) facilities. 

Water Use in Fire Prevention and 
Protection—charged with the study 
and evaluation of methods of fire pre 
vention and protection and of pro 
tecting sprinkler systems from freez- 
ing. This committee may be expanded 
to meet the pressing problem of rene 
gotiation of insurance contracts to 
meet the demand sensed in increased 
costs of replacement. 

Public and Worker Relationships 
charged with: [1] considering and 


Akron 


Ohio 
U 


proposing to the Board of Directors 
activities on behalf of the Association 
in the field of public relations; [2] 
the production of guidance material 
in the field of public relations; and 
[3] the review of material which is 
in process of production by the Asso 
ciation 

We rks 


Compensation of Water 


7 
Personnel- 


charged with the gather- 
ing of comparative material and data 


ind the formulating of a general 
schedule of compensation for water 
works personnel and management. 
Pension and Retirement Plans 
ch irged the duty of collecting 
information upon, and promoting the 
retirement 


with 
idoption of, pension and 
plans in the public water works indus 
try, as well as the study of develop- 
ments in the industrial field and their 
effects upon public employees 

Safety Practices—charged with the 
preliminary study of personnel safety 
and working conditions in plant facili 
and physical structures. This 
study may be extended later to the 
border field of public safety in water 
utility construction This pat 
ticular field of management is attract 
ing nation-wide attention 

Taxation and Revenue Allocation 
charged with the assembly and study 


ties 


wi wrk 


of data on the taxation of water works 
and funds 
from the water works utility to other 
activities, and the formulation and 
distribution of basic principles of good 
management of taxation and revenue 
allocation 

Water Main Extension Policy 
charged with the study of the prob 
lems involved in the extension of 
water mains, both within and without 
the corporation limits, including a 
digest of enabling legislation. 

Water Department Reports 
charged with the review of existing 
annual reports of water works organ- 
izations and the preparation of recom 
content and style of 


systems the diversion of 


mendations on 
annual reports 

Water Rate Schedules — charged 
with the consideration of the funda- 
mentals of water rate structures and 
the outlining of the policies upon 
which rate schedules may be de 
veloped in order to distribute equit- 
ably the funding, operating, and main 

i of water works utilities. 

Water Use—charged with the col 
lection and evaluation of data on 
1956 
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1. Industrial water use, encompass- 
ing the water tequirements of spe- 
cific industrial operations and involv- 
ing the collection of information from 
units in the same industry over a wide 
geographic area, in order that water 
requirements per unit of product may 
be tabulated 

2. Domestic water use, encompass 
ing the collection of data from a num- 
ber of utilities from which a 
breakdown is available to show per 
capita water use in different types and 
sizes of residences and various classes 


water 


of commercial establishments 


Forms of Management 


Is it not possible that these prob 
lems of administration result from the 
inadequate attention that is given to 
management spend its time discussing 
the results of inadequate management, 
whereas it ought to be doing some 
thing about analyzing the causes, diag 
resulting weaknesses, and 
then taking the steps necessary to cor- 
rect them? Realizing the impractical 
multiplicity of state laws, local ordi- 

arters, is this trulv not 
problem? At the very 
works men themselves 


nosing the 


nances and cl 
a cl illenging 
outset, water 
become quite philosophical and altru 
istic in realizing and appreciating the 
their 
works 


the fundamental reasons for 
Does not water 
; position. The ramifica- 
but the generalities 


occurrence ? 
fellow’ 


are many 


many cities in which the 
works management is directly 
ity council, the personnel 
which, by nature, is continually 
such a setup, centralized 


Chere are 
water 
unde r the 


shifting. In 
onsibility is generally slight, 


top rest 
is there is no real concern about long 
planning for the work of later 
There are very often 
potential “bosses,” and the 
matter effi- 
cient, may be subject to change with 
ity administration 
W iter 


the city managet 


ranv¢ 
administrations 
too many 


superintendent, no how 


management under 
form of government 
as the city manager, 
ho, in turn, is subject to the changes 
ind whims of a council or other 
elected board of similar nature. When 
a city manager is changed, his ap 
usually go with him 


~ 


works 


is onlv as good 


pomfrees 


\ third general form of top man- 
agement is that of the special water 
works commission, usually consisting 
of three to five men with overlapping 
lengths that, in general, 
no one political administration can 
upset the board by a majority of new 
Such a board is re 

one but the public 
It is nonpolitical ; its 


terms of sucl 


appointments 

sponsible to no 
which it serves 
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continuity is assured and it attracts 
to its membership the best qualified 
men of the community. This form of 
management lends itself to a con- 
tinuity of employment of water works 
personnel; the maintenance of high 
efficiency ; the establishment of con- 
structive, continuing policies on con- 
struction, operation, and rate stability ; 
and the furnishing to the consumer 
of a maximum of satisfying service 
at a minimum of justifiable expense 
and cost. 


In all local organizations, manage- 
ment is brought face to face with one 
of the most baffling challenges of 
human nature and behavior: “People 
get and do what they want, good or 
bad.” When a superintendent in the 
near-perfect protection of an ideal, 
commission-operated water works 
asks why a certain city countenances 
the shortcomings of some council- 
controlled operation, the only answer 
forthcoming may be “Because they 
(the people) want it and like it that 
way.” For this reason, regardless of 
its logic, a uniform type of top man- 
agement is not always potentially pos- 
sible or perhaps even actually desira- 
ble. Past history and local conditions 
will weigh heavily and must be con 
sidered. 


Legislation 

It appears quite evident that practi- 
cally every undertaking of a water de- 
partment is connected in some way 
with the basic and enabling legislation 
applicable to the actual organization 
of any department in any particular 
state. Water works management must 
be continually aware of this constantly 
changing legislation. Pennsylvania af- 
fords an outstanding example of this 
observation. Under the “Authorities 
Act” of 1935, 71 water works man- 
agement and ownership groups were 
functioning in 1950. 


The series of legislative enactments 
known as the “authority acts” permits 
the citizens of a single city or town or 
of groups of incorporated and unin- 
corporated places to establish an 
agency through which governmental 
units may provide needed facilities 
and services for themselves, upon a 
self-liquidating basis, in the manner 
of private industry and without ob- 
ligating the pre-existing units of gov- 
ernment. Such an authority is au- 
thorized to file liens for debts owed, 
is given the power of eminent domain 
(but not the power to acquire a water 
works or other system by condemna 
tion), can sue and be sued, and can 
issue revenue bonds, but may not 
obligate the municipality. The life of 
an authority under the Pennsylvania 


acts is limited to 50 vears, whereas 


bond issues are limited to 40 years 
and the maturity of refunding bonds 
is restricted to the life of the author- 
ity. At the termination of the life of 
an authority, its property may revert 
to the municipality of municipalities 
which incorporated it. One Farther 
stipulation, which is of great value, 
requires that for the period during 
which authority revenue bonds are 
outstanding, an engineer must be 
retained by the authority to advise 
it on matters of planning and man- 
agement. 

Authorities have been given the 
power to assess benefited properties 
for the cost of improvements in pro- 
portion to the benefits received, giving 
them, in this respect, an advantage 
over private companies which must 
establish a rate structure that will 
make them entirely self-supporting 
from revenues or rentals. Private 
companies are permitted no other 
sources of income and may not be 
parasites on any municipal funds, ex- 
cept, possibly, when a system is leased 
to the municipality for operation. On 
the other hand, authorities cannot be 
deprived of their revenues to carry 
out other municipal functions. 


The populations served by various 
Pennsylvania water authorities in 
1950 varied from 700 to more than 
100,000. By the end of 1947, 65 
water authorities served more than 
1,300,000 consumers and the total 
assets of the group were in excess of 


$101,250,000. 


Conclusion 


The procedures discussed support 
the idea that there is no real difference 
in the objectives of the “large” and 
the “small” plant. The author gives 
well-deserved praise to the small op- 
erator. He has sometimes been com- 
pared to a one-man ball team. Just as 
busy, he pitches the ball, runs behind 
the plate to catch it, and, if it is hit, he 
runs to the outfield to catch it, or at- 
tempts to put out the runner, all by 
himself. In other words, he treats the 
water, operates the plant, distributes 
the water, reads the meters, bills the 
customers, and collects the money, all 
with the utmost confidence that things 
will “come out all right in the end.” 
The large-plant operator may be com- 
pared to the president of the league, 
but he has no more fun, nor do his 
customers have more confidence in 
him than in the small operator. The 
author knows no other career that 
affords a greater sense of inner satis- 
faction to those who embrace it suc- 
cessfully nor another business in 
which there is greater determination 
to do a better job. 





Commercial Records* 


Four simple and basic forms for Small Water Works 


by W. F. GORDON 


Division Comptroller, American Water Works Service Co., Palmyra, N. J. 


NY DISCUSSION on the sub- 

ject of commercial records for 
small water systems immediately 
raises two questions, the first being 
how to define a “small” water system 
and the second relating to the im- 
portance that should be placed on 
commercial records or customer ac- 
counting. 

A small water system could be de- 
fined as one serving any of the small 
towns or villages having a population 


of up to possibly 10,000 persons. Us- 
ing the national average of about 4 
persons per family, this would mean 
a system serving up to 2,500 cus- 
tomers. 

Customer accounting could prob- 
ably be defined, from an accountant’s 
standpoint, as the heart of any water 
system. Through its efficient operation 
“flows” that life giving substance, 
more commonly called “cash,” that is 
so essential to any successfully oper- 


*Reprinted from JAWWA 47,259 (1955) by permission 
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1. Daily Work Order 


torm is 8 


ated business. This is particularly im- 
portant for the small water system 
where the gross revenue received in a 
year’s time is probably less than that 
of the corner grocery store. 


Basic Records 

In adopting commercial records for 
a small water system, the first consid- 
eration should be simplicity. Sight 
must not be lost of the fact that the 
office personnel will probably consist 
of one girl, who must be office manag- 
er, cashier, bookkeeper and file clerk, 
to name only a few of the many duties 
that she will be asked to perform. 

On the other hand, the records must 
be conclusive enough to meet the re- 
quirements of regulatory boards, the 
Department of Internal Revenue, 
stockholders, or other interested 
parties. 

This discussion is limited, there- 
fore, to four basic records: 

1. Service record. 

2. Meter book or flat rate fixture 
survey book. 

3. Customer’s bill and ledger card. 

4. Route control ledger. 


Service Record 

The service record is used in taking 
an application for water service. It 
should provide for name and address 
of applicant, date of application, date 
service is to be turned on, account 
number, size of meter installation, the 
meter number, and the meter reading 
at the time of installation. Provisions 
also should be made for posting a ref- 
erence to show that an addressograph 
plate and a meter reading sheet or flat 
rate fixture survey sheet has been 
prepared. 

In our own organization, we have 
developed an all-purpose form for the 
small water system that we have called 
a “daily work order.” This form (Fig. 
1) is used for every type of job, from 
a service line installation to the in- 
vestigation of a high consumption. It 
not only provides space for listing the 
information mentioned, but also con- 
tains space for listing the labor and 
material used on each job. This infor- 
mation is used to advantage in prepar- 
ing the weekly or bi-weekly payroll 
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and the monthly report of materials 
issued from stock. 


Meter Book 


The meter book is the biography of 
the customer’s account. For this rea- 
son the meter reading sheets should 


Sufficient size to accommodate 


readings for approximately a 


i of 
metet 
six-year period, assuming meters are 
Columns should be 
provided not only to include date of 
meter registration, and con- 
but for remarks and 
the amount of billing. (Fig. 2). 
lt may appear that the listing of the 
amount of billing on the meter sheets 
is a duplication of work. However, 
the advantages in the investigation of 
customer complaints, in preparing av- 
erage bills where meter readings could 
and in other analysis 
work that may from time to time be- 
ome necessary, more than compen- 
sate for the additional work of adding 
this information to the meter sheets. 
lhe space for “remarks” also can 
be used to advantage. When the meter 
reader cannot obtain a reading it is 
a self- 


read quarterly 
reading, 


also 


sumption, 


t he 


obtained, 


sometimes advisable to leave 
stamped postage card on 


iddressed, 


which the customer may list the read- 
ing. When such a card is left with the 





Our meter reader called at your premises todey 
to reed your water meter but wes uneble to gein 
edmusnon 

To avoid heaving to render an averaged bill, 
will you kindly read the meter, marking the fig 
ures on this diagram of the diel; note the dete of 
reading, and return to us promptly. This card 
requires no postege. 

Thank you 

RIVERTON. PALMYRA WATER CO. 


(ITT 


Date of reeding 


HOW TO READ METER 
You will observe at the extreme right. the fig- 
ure 0, stationery on the diel. The slot with 5 
rotative discs is the ster. Begin at right, 
nearest 0, end fill in all fgures. 











Fig. 3. Customer Meter-reading Card 
The card ca ted ¢ se with “dial 


an be acer 


meters. 


customer, a notation to that effect may 
be made in the meter reading book. 
This space is also beneficial in noting 
any unusual usage or leakage that may 
result in high consumption and the re- 
sultant high water bill. This type of 
information is most helpful to the of- 
fice clerk in the preparation of the 
water bills. 

The postage card that may be left at 
the home where readings cannot be 
obtained is pre-printed with the dial 
face of a meter, where round reading 
meters are used. The customer indi- 
cates the position of the dial hands on 
the card. Companies using straight 
reading meters may use cards with 
blank blocks where the customer may 
insert in the appropriate blocks the 
numerals appearing on the meter. 
(Fig. 3.) Generally a time limit of 
three days is allowed for the customer 
to return the card to facilitate billing. 

In systems where there are no me- 
ters, billing is usually based on the 
number of fixtures found in the home. 
For this type of billing it is necessary 
to use a flat rate fixture survey ledger 
in lieu of a meter book. This form 
(Fig. 4) provides for a listing of the 
different types of fixtures, and the 
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Fig. 2. Meier Book Shoot 


tual page size is 6 x 9'/2 in 


p . 
£ fant « 
top tront side. 


ncluding margin for 


noles punched at 





rate applicable to each type. The form 
usually includes space for the listing 
of additional fixtures that may be 
found in future surveys. Provision of 
space for future surveys eliminates 
the necessity of preparing a new led- 
ger sheet each time a fixture survey 
is made. Hereagain it is essential to 
provide space to record the amount 
billed during each billing period. 


Customer’s Bill and Ledger Form 


The customer’s bill and ledger form 
considered here is often termed a 
three-part bill or post card billing. The 
trend over the past two decades or so 
toward this type of billing has been 
brought about primarily by the ease of 
handling and the savings in postage 
costs. This type of bill consists of 
three parts; namely, the customer’s 
bill, the cashier’s stub, and the ledger 
card. (Fig. 5). 

Assuming that the system is me- 
tered, and that the billing will be pre- 
pared by hand, the customer’s bill 
should be designed to show the date 
the bill is rendered, the present and 
previous meter readings, the dates on 
which the readings were obtained, the 


volume of water consumed, and the 
amount of the billing. Provision also 
should be made for showing any ar- 
rearages that may be due. In order to 
conform to postal regulations, arrear- 
ages should be designated as “other 
charges.” If there is sufficient space 
available, it also may be desirable that 
the customer’s bill show the schedule 
of rates. However, many companies 
eliminate this from the bill, simply 
making reference that a schedule of 
rates may be obtained at the com- 
pany’s office. 

The cashier’s stub should show the 
date of the bill and the total amount 
due. 

The ledger card should show the 
date of the billing and the total amount 
due. There also may be provision for 
showing the meter readings and con- 
sumption. This information is of sec- 
ondary importance, however, as it is 
readily available from the meter book. 
In addition, provision should be made 
for the listing or recording of partial 
payments. It also may be desirable to 
provide a space for the determination 
of the age of delinquent accounts. 
This can be accomplished by listing 
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the dates of previous unpaid bills and 
the amounts applicable to each period. 


Route Control Ledger 


A system of control is necessary for 
the activity of the customers accounts. 
This is accomplished by the use of a 
route control ledger. For all general 
purposes, there should be a route con- 
trol ledger sheet for each meter book. 
In other words, if a meter book con- 
tains 100 accounts, there should be a 
route control ledger sheet for those 
accounts. The route control ledger 
sheet should be designed to record, by 
days, the activities within the accounts 
fora period of one month. 

Che simplest type of form should 
provide columns for listing the bal- 
ances of unpaid accounts at the be- 
ginning of the month, the billings 
made during the month, the cash col- 
lected during the month, allowances 
and discounts given during the month, 
and the balances of unpaid accounts 
at the end of the month. (Fig. 6). A 
more elaborate form would provide 
columns for listing such items as 
checks that may be returned, applying 
customer guarantee deposits towards 
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the payment of bills, and various other 
transactions that may arise. 

How the Forms Are Used 


[he mechanics of maintaining a 
system of customer accounting with 
these four basic records is quite 


simple. 

The use of the service record form, 
as the name implies, is self-explana- 
tory. One thing, however, should be 
borne in mind—an addressograph 
plate and meter reading sheet should 
be prepared as soon as possible after 





The Riverton and Palmyra Water Company 
Office: Morgan and Bank Aves., Palmyra, N. J. 


Detach this Stub and 
mail with Check 





Bill for Water Service 


METER READING IN GALLONS 


Present Previous | 


00 | 00 | 


If receipt is required, present entire bill, 
or mail with stamped, addressed return 
envelope 

Arrears 
CONSUMER'S RECORD 


Paid by Check No Date Total 


Consumpton| 
in Gallons 


$ 


Total 


| 
| 


00 











Schedule of Rates 


‘ $1.50) Plus First 
2 70/ Water Neat 
5.40>Consumed <¢ Next 
13.50) Per Quarter | Next 
16.00) For 


m Bill, $4.00 per Quarter 
s are due within fifteen days of date; prompt pay 


Fixed s in. Meter 
Servic im. Meter 
Meter 
Meier 
Meter 


All over 120,000 gals. 5c per M 


Fixed Service Charge payable in advance. 


30,000 gals. 40c per M 
30.000 gals. 35 per M 
30.000 gals. 30c per M 
30,000 gals. 25c per M 


ment is requested 
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Riverton and Palmyra Ledger 





Meter Reading Dates | 








Coneumpnon 
in Gallone 
00 


Previous | 


00 | 00 | 
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Fig. 5. Customer's Bill and Ledger Card 
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Lf 


an 


an application has been received for 
water service. 

The first step in the billing proce- 
dure is to address the customer’s 
bill, cashier’s stub and ledger cards. 
The addressograph plates should be 
in the same chronological order as the 
meter reading sheets, thereby elim- 
inating the sorting of bills during the 
billing period. 

After the meters have been read, 
the water consumption is computed 
and the amount of each bill is deter- 
mined from a billing chart. All of this 
information is entered in the meter 
book. It then is only necessary to copy 
the information from the meter book 
to the customer’s bill and ledger card. 
Immediately preceding the mailing of 
the bills, any unpaid amounts from 
the previous billing period should be 
transferred to the current bills and 
ledger cards. 

Upon completion of the billing, 
three adding machine tapes should be 
run. The first is run on the amounts 
billed to determine the total billing ; 
the second is run on the amounts due, 
which will include unpaid amounts 
from the previous billing period ; and 
the third is run on the consumption to 
determine the amount of water sold. 

The total amount of billing as de- 
termined by the first tape is recorded 
on the route control ledger in the col- 
umn provided. This amount, when 
added to the previous balance of un- 
paid accounts as shown on the route 
control sheets, should agree with the 
total obtained on the second tape 

At this point in the billing procedure 
the ledger card section is detached 
from the customer’s bill and these 
cards are placed in a security file. One 
of the most common methods of filing 
is to separate the file drawer into two 
sections, using the front section for 
the unpaid accounts and the back sec- 
tion for the paid accounts. The one 
drawback to this type of filing is the 
trouble that can be caused if one card 
becomes lost or misplaced. 

Each group of ledger cards repre- 
senting the number of accounts in a 
meter book should be fastened togeth- 
er. This can be accomplished by hav- 
ing the printer pre-punch the ledger 
card section of the bill midway be- 
tween the top and the bottom of the 
card on the extreme left. The cards 
are then joined together with a com- 
mon metal paper fastener, purchas- 
able at any stationery store. 

In the posting operation for the pay- 
ment of customer accounts, it 1s neces- 
sary that every payment be repre- 
sented by a cashier’s stub. At the end 
of each day’s activity the cash drawer 
should be balanced against the stubs, 
so that in the event of error the 
chances of finding the mistake are 





payment. 


Chose le« 
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Storage for Large Maps and Plans 


Draftsman 


LTHOUGH the matter of storing 

the accumulating volume of rec- 
ords of smaller dimensions has been 
eased somewhat by microfilming, stor- 
age of larger records, such as maps 
and plans, presents a problem in pro- 
portion to their size. 

A particular problem of storage for 
water and sewer plans for the various 
Alabama cities and towns arose re- 
cently when the Bureau of Sanitation 
of the State Health Department 
moved into quarters in the New State 
Office Building in Montgomery, Ala. 

The plans, representing the accu- 
mulation over the years for each city 
and town of Alabama, must be kept 
intact from the first record of instal 
lation to the latest proposed addition, 
because approval of proposed addi- 
tions and extensions to any plant re- 
that the total picture of each 
system must review 
at all times 

The plans are 
inches by 42 and 
from 1 to 25 or 30 sheets per plan. The 


quire Ss 
be available for 


approximately 30 
inches consist of 
total space required for storing the 
tile of 
records, plus the normal 


current some 7,000 sheets of 
permanent 
yearly increase of plans approved by 
the State Health Department, was the 
first consideration in approaching the 
problem Che 
was to design storage that would pro- 


second consideration 
vide adequate space and be easily ac- 
cessible for hling and reference. here 
also was the more practical aspect of 
keeping the cost down by not using 
special fittings 

Considerable thought and discus- 
matter resulted in the de 
sign described herein. The result has 
been eminently satisfactory and this 
facility is those who 
might have a similar problem of stor 
age for large permanent maps and 
records. The device is particularly 
adaptable due to its construction from 
readily available stock supplies 


sion on the 


suggested to 


Construction of Rack 


The entire wall of 
was used to build the two-deck rack 
(Fig. 1) from which the plans were 
hung. The rack was built in place with 
2x4's, the three lengthwise pieces 
forming the top framework of each 
deck being placed on edge for strength 


a storage room 
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by DORA H. PARKER 


Alabama Dept. of Public Health, M 


rhe wall being approximately 18 feet 
long, three supports with diagonal 
braces were placed at approximately 
4-foot 2-inch intervals for added 
strength. A base built to conform to 
the rack dimensions was laid flat and 


FIG. 1—CURTAIN RODS provide 


saving storage for large plans 


space- 


FIG. 2—DETAIL of track and hooks 


ntgomery, Ala. 


bolted to support the structure. 

The back and top are covered with 
44-inch masonite. Four sets of sliding 
doors complete the compartments. 

For hanging the plans, 30-inch 
lengths of Kirsch overhead tracks 
(heavy-duty drapery rods) with three 
slides for attaching the plans by means 
of drapery hooks were set on 1-inch 
centers and fastened to the three over- 
head 2 x 4’s by means of screws. The 
ends of the tracks were crimped to 
retain the slides. 

This arrangement provides 50 tracks 
in each of the four upper and lower 
compartments, or a total of 400 tracks. 

The plans are indexed numerically 
and alphabetically, then grouped as 
nearly as possible according to city 
and plant identification. The thickness 
of each group of plans is kept to a 
maximum of approximately 34 inch. 

They are then bound with 3-inch 
heavy manila gummed tape. Three 
brass eyelets through the bound edge 
2 inches from each end and at the 
center permit drapery hooks to be in- 
serted in each eyelet. 

The plans are then ready to file. 
This is done by simply inserting the 
hooks into the projecting swivel loops 
of the slides, beginning with the back 
hook into the back loop (see Fig. 2). 

Plans can thus be filed or with- 
drawn easily by either inserting the 
hooks or disconnecting the hooks from 
the slide loops one at a time and insert- 
ing or withdrawing the plans, as the 
case may be. The crimped ends of the 
track retains the slides and the hooks 
remain attached to the plans. 

Its economy of construction and its 
ease of operation commend this stor- 
age scheme to those who need this type 
ot storage. 
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Equitable Charges for Fire Protection 


Public fire protection costs computed by the ‘Incremental Cost Method" 
are substantially lower than costs determined by other methods 


by DARRELL A. ROOT and THOMAS R. CAMP 


Partners, Camp, Dresser & McKee, Consulting Engineer 


HE PRIMARY requirement of a 

waterworks system is that it have 
the capacity to perform its two prin- 
cipal functions; the supply of water 
for general consumption and the sup- 
ply of water for fire protection. From 
the performance of these two func- 
tions a water works usually secures 
its revenue, in the form of charges 
for the water consumed and charges 
for the fire protection service afforded. 
It is obvious that the most equitable 
method of distributing charges is for 
the consumer to pay for the actual 
water used for general consumption, 
and for the property protected to pay 
in addition for fire protection. There 
is a difficulty, however, in determin- 
ing what constitutes equitable distri- 
bution of charges. 


Allocation of Service Costs 


For many years there has been 
general agreement on the principle 
that each function of the water works 
system should pay for the cost of 
providing that function. With this in 
mind, the various items of expense 
in the water works budget, such as 
hydrants, meters, services, etc., can 
be assigned to the function for which 
the item is used. For example, hy 
drants, including their connections 
and gates, should be assigned to fire- 
protection charges; services, meters, 
small distribution mains, and purifica- 
tion works should be assigned to the 
functions of consumption 
Any other special service, such as 
private fire protection, should be 
charged to that service 

The allocation of the cost of re 
maining parts of the assets of the 
water works, which are used jointly 
by fire protection and general con 
sumption, can be made by the follow 
ing general methods: (1) public fire 
protection as an incremental cost, (2) 


general 


general service as an incremental cost, 
and (3) the capacity-ratio method. 
The “capacity-ratio method” as 
sumes that fire protection is of no less 
importance than general service; it 
provides for the allocation of costs 
of a joint nature on the basis of some 


relation between the capacity re- 


quired for public fire protection and 
the capacity required for general serv- 
ice. One division of the joint cost 
is made on the ratio of the cost of a 
hypothetical system for fire protec- 
tion only to the cost of that system 
plus the cost ef a hypothetical system 
for general service only. 

The “general service as an incre- 
mental cost method” assumes that fire 
protection is the primary function of 
the water supply system, and that 
only those charges not utilized by fire 
protection should be assigned to gen- 
eral service. 

The “public fire protection as an in- 
cremental cost method” is the con- 
verse of the general service method ; 
it assumes that public fire protection 
should be charged only with the incre- 
mental cost above the cost required 
for a general service plant. 

The authors believe that the func- 
tion of a water supply system is first 
to provide a safe and adequate sup- 
ply of water for general consumption 
and that fire protection is an added 
benefit supplied by the water works 
system. On the basis of this premise, 
we believe the most equitable means 
of assessing fire protection charges is 
the method of “public fire protection 
as an incremental cost.” 


Studies of "Reasonable Return" 


The first paper on fire protection 
rates published by the A.W.W.A. was 
by F. L. Fuller in 1888. Subsequent- 
ly, many articles and discussions on 
the same subject have been published 
by the A.W.\.A. and other organi- 
zations. In order to bring some of the 
previous thinking more clearly into 
focus, and as a basis for comparison, 
we summarized the most important 
ideas on the subject before beginning 
our own analysis of the problem. This 
summary which was included in the 
original article (Wat. & Sew. Wks. 
Mar. 1955, p. 103) has been omitted 
here because of space limitations. It 
covered the Metcalf, Kuichling, and 
Hawley report of 1911, the Water 
Works Practice Manual of 1929, the 
Joint Committee Report of ASCE 
and ABA of 1951, and the AWWA 
Committee Report of 1954. 


Boston 


Mass 


Discussion of Previous Studies 

The most noteworthy idea of Met- 
calf, Kuichling and Hawley is the 
fundamental idea on which they base 
their reasoning: that the charge for 
fire protection should be an incre- 
mental or extra charge above the 
charge of supplying water for gen- 
eral consumption. To our knowledge, 
this idea was not questioned in the 
wide discussion following the paper. 
This concept appears to have been 
adopted by the water works industry, 
by Public Utility Commissions and 
Underwriters, and not until much 
later was doubt raised as to its va- 
lidity. 

The fundamental ideas represented 
by recommendations in the Manual 
of Water Works Practice are as fol- 
lows: that the charges for fire protec- 
tion service should be equal or re- 
lated to the cost thereof ; that for any 
water works system, construction cost 
is directly proportional to capacity ; 
and that the allocation of cost be- 
tween the two services, that is, fire 
protection and general consumption, 
should be in proportion to the ratio 
of the flows required for each serv- 
ice. The Manual made no effort to 
formulate the cost of fire protection 
service for an average water works 
system but, instead, recommended 
the procedures to follow and em- 
ployed the data which are usually 
available for most water-supply sys- 
tems. 

The opinion of the Joint Committee 
that the consideration of the cost of 
fire protection as an incremental cost 
is not a fair and equitable practice 
seems unjustified. Much of the diffi- 
culty in obtaining equitable rates for 


fire protection service originated in 
the negotiations leading to the estab- 
lishment of water works companies. 
The demand for water service was so 


strong that the consumers seldom 
made an effort to see that a just 
charge for fire protection service was 
distributed among the taxpaying pop- 
ulation. As a result, many charges 
for fire protection service are much 
lower than the cost of furnishing that 
service. The older water works sys 
tems of this country were established 
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Fig. |—DISTRIBUTION MAINS. Graphical relationship of cost to capacity. 


purpose of furnish- 
ing water for general consumption. 
Thus, it would seem that the most 
equitable method of considering the 
would be to 
incremen- 


the primary 


ost of fire protection 


assume that such costs are 
tal 
An analysis of the three methods 
the Joint Committee 
‘General Service as an Incremental 
Cost,” “Public Fire Protection as an 
Incremental Cost,” and the “Capacity- 
Ratio Method”) shows that there will 
differences in the share of the 
fixed assets chargeable to 
if the same flows are 
used for all methods, and .if 
costs are assumed to be in proportion 
to capacity, Metcalf, 
Kuichling and Hawley and also by 
the Joint Group in its development 
of the “Capacity-Ratio Method.” If, 
| costs are not assumed to be 


described by 


be no 
undividec 
fire protection 
, three 


is was done by 


loOwevetl 


yportional to capacity and are ac 
nated for the alternate sys- 
nethod, it will be found 


tit te 
tuallv es 
tems in eac! 
that the first method 


1c is il icremental 


General Serv- 
Cost’), gives 
the highest cost for fire protection, 
method (“‘Public Fire 
in Incremental Cost’’), 
[his is a very 


and the second 


Protectior 


; 


gives the lowest cost 
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important conclusion, not recognized 
before, which probably has accounted 
for much of the confusion in thinking 
about equitable charges for fire pro- 
tection 


Distribution System Costs vs. Capacity 


At this point it becomes necessary 
to demonstrate that the cost of distri- 
bution mains is not proportional to 
their capacity, and that substantial 
errors result if cost is assumed pro- 
portional to capacity. The actual cost 
of distribution mains, per foot of 
length, constructed during 1950-’52 in 
the system of a large New England 
community has been plotted in Fig. 1 
against capacity for hydraulic slopes 
of 1 and 10 ft. per 1000 ft. It will be 
noted that the actual cost varies at a 
rate considerably less than direct pro- 
portionality. For example, to double 
the capacity of a 6-inch pipe the cost 
is increased only 16 per cent (from 
$4.86 to $5.62. per ft.). Similarly a 
2.86-fold increase in capacity is ob- 
tained in changing from 16-inch to 24- 
inch Lock Joint pipe, at an increase in 
cost of only 58 per cent. 

The 1954 A.W.W.A. Committee re- 
port states that an accurate deter- 
mination of the incremental cost of a 


distribution system chargeable to fire 
protection would require cost esti- 
mates based on two systems, one for 
fire only and the second with capacity 
both for fire and general service. Be- 
fore accurate cost estimates could be 
prepared, a preliminary design of at 
least one of the two systems would be 
required. The high cost of this pro- 
cedure has prevented its wide adop- 
tion. In general, this method is sound, 
but accurate determinations of cost 
are not possible by any method—pri- 
marily because of uncertainty as to 
the weight courts of law will give to 
calculations of original cost and re- 
production cost. 

The method of computing fire pro- 
tection charges developed by our firm 
is an application of the A.W.W.A. 
method described above, modified to 
avoid the necessity of a preliminary 
design of a hypothetical system. 

An alternative approach, suggested 
by the 1954 A.W.W.A. Committee 
to avoid the expensive procedure of 
making accurate cost estimates of 
two systems, involves the assumption 
that storage may be provided in lieu 
of capacity. This method is purely 
arbitrary, and has nothing to recom- 
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Fig. 2—MUNICIPAL WATER REQUIREMENT. Estimated present flows in terms of population served. 


mend it. The cost of hypothetical 
storage bears no relation to the addi- 
tional cost of a distribution system 
required to furnish public fire pro- 
tection. 

In its example, illustrating this al- 
ternative approach, the Committee 
adds to the cost of the hypothetical 
distribution storage the difference in 
cost of the distribution main based 
upon a 4-inch differential in pipe size. 
It is difficult to understand the rea- 
son for this procedure. It would seem 
either that the cost of the hypotheti- 
cal distribution storage or the cost of 
the additional main capacity might be 
used, but not both. The adoption of 
a 4inch differential in pipe size, to 
estimate the additional cost of the 
distribution mains for fire protection, 
is purely arbitrary. 

The method used by our firm to 
estimate the difference in the cost of 
the two systems is based upon a dif- 
ferential in pipe size computed ra- 
tionally from the flow requirements. 
As will be shown later, our figures 
indicate that a 4-inch differential is 
too great. Our studies show that in 
large cities the differential should 
not be charged to large distribution 
arteries, because the capacity require- 
ment for peak hourly flow will ex- 
ceed the capacity requirement for fire 


flow plus maximum daily flow. 


Determination of Rates 


In our consideration of the cost 
of furnishing public fire protection 
for a city with a population of 12,000, 
supplied by a private water company, 
the first step was to select methods to 
use in allocating cost between general 
consumption and fire protection. After 
study of the methods proposed by the 
various authorities who have con- 
sidered this problem, it is our firm 
conviction that computing public fire 
protection as an incremental cost is 
the most equitable method. 


Fundamental Principles Involved 

In establishing rates to be charged 
by public utilities, the Smyth vs. Ames 
decision of the U. S. Supreme Court 
in 1898 is the basis of the law of the 
land. The legal principle set forth 
in this case is that utility owners are 
entitled to a fair rate of return upon 
the present fair value of the property 
used and useful in rendering the pub- 
lic service. In determining fair values, 
this decision maintained : 

“In order to ascertain the fair value, 
original cost of construction, amount 
expended in permanent improve- 
ments, the amount and market value 





TABLE 1 
Sizes of Pipe Required 
Hypothetical System Supplying Domestic Consumption Only 





Population 
of Q2/Q, Peak (Q:/Q:) 
Community Fire + Max. Day 


Sizes in Present System 





6” 8” 10” 12” 
Req. Use Req. Use Req. Use Req. 





250 0.128 
500 0.161 
750 0.186 
1,000 0.208 
2,000 0.263 
5,000 0.358 
8,000 0.414 
10,000 0.436 


12,000 0.470 


2.74 
3.00 
3.17 


> >) 


3.5! 


Use 3” Use 6” Use 6” Use 8” 
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TABLE 2 
Initial Cost of Distribution System 
December 31, 1952 





. 
Size Units 


Unit Cost Total 





Cement-Lined Pipe 
gy 2,682’ 
10” 2,271° 
8” 4,019’ 
6” 27,272’ 
4” 446’ 
Cast Iron Pipe 
a 30,339’ 
10” 7,763’ 
8” 8,903’ 
6” 62,216’ 
4” 5,137’ 
Wrought Iron Pipe 
a 44,413° 
1’" 18,315" 
1%” 5,513° 
i 1,621’ 


a 


67 
13 
23 
180 
10 
102 
42 
16 
1 


$ 3,486.60 
2,271.00 
3,416.15 

19,635.84 
289.90 


$ 1.30 
1.00 
0.85 
0.72 
0.65 


211,999.35 
38,116.61 
35,139.07 

144,664.01 

5,939.59 


6.99 
4.91 
3.95 
2.33 
1.16 


83,968.59 
13,160.38 
5,662.71 
1,519.31 


1.89 
0.72 
1.03 
0.94 


7,525.90 
1,014.02 


112.33 
78.00 
68.11 
46.47 
20.56 
19.15 
12.04 
13.27 

6.71 


Total December 31, 1952 — $590,691 .43 





of its bonds and stocks, the present 
as compared with the original cost 
of construction, the probable earning 
capacity of the property under par- 
ticular rates prescribed by statute, 
and the sum required to meet operat- 
ing expenses, are all matters for con- 
sideration and are to be given such 
weight as may be just and right in 
each case. We do not say that there 
may not be other matters to be re- 
garded in estimating the value of the 
property. But the company is en 
titled to ask a fair return upon the 
value of that which it employs for the 
public convenience. On the other hand, 
what the public is entitled to demand 
is that no more be exacted from it for 
the use of a public facility than the 
services rendered by it are reasonably 
worth.” 

lhe two limiting methods for deter- 
mining fair value of property in- 
volved are: (1) the actual legitimate 
cost of the utility’s property less de- 
preciation, and (2) the present-day 
reproduction cost less the deprecia- 
tion values based on the reproduction 
Chere has been much contro- 
versy concerning relative weight 
which should be given to each of the 
above limits, in arriving at fair value 
of property under consideration. 

In the example which follows, we 
have used both these limiting condi- 


cost 
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tions to estimate the cost of fire pro- 
tection. The rate for fire protection 
established under these assumptions 
is for public fire protection. The cost 
is directly assignable to the taxpayers 
of the city served by the water com- 
pany; it is most feasibly charged di- 
rectly to the city and paid for by the 
city. The cost is distributed to the 
taxpayers of the city by the normal 
taxing procedures. 


Computations for Determining Rates 


In this study, basic data used for 
making computations by the “In- 
cremental Method” were obtained 
from the records of the water com- 
pany. The water consumption data 
were taken from the company’s daily 
meter readings. The maximum daily 
consumption during the past three 
years was as follows: 

July 10, 1952......1,470,000 gal. 

July 8, 1951......1,400,000 gal. 

July 11, 1950......1,446,000 gal. 
For this study a maximum daily con- 
sumption of 1.5 mgd (million gallons 
per day) was used. No records were 
available of the peak consumption ; 
this was estimated at 3 mgd, or ap- 
proximately twice the average con- 
sumption on the maximum day. 

In plotting the curves shown in Fig. 
2 for maximum daily and peak do- 
mestic flows, the ratio of the peak flow 


to the average flow on the maximum 
day, was assumed to vary from about 
three for small populations to about 
two for large populations. 

In estimating maximum fire flows, 
we have used the requirements of the 
National Board of Fire Underwriters 
as represented by the formula Q = 
Vx (1-0.01\//x) where Q is in gpm 
(gallons per minute) and x is the 
population in thousands. In instances 
where the fire requirements, as estab- 
lished in conformity with the National 
Board of Fire Underwriters’ Bulletin 
No. 266, are different from those giv- 
en by the formula, the actual require- 
ments—correlated with the population 
of the city and portions thereof— 
should be used instead of the require- 
ments given by the formula. 

In our study we have assumed that 
the capacity of the existing distribu- 
tion system is equal to the require- 
ments of the National Board of Fire 
Underwriters ; that is, that fire flows 
represented by the formula are avail- 
able concurrently with a general de- 
mand equal to the maximum daily 
consumption. If the existing distri- 
bution system does not meet these re- 
quirements, it is not necessary to ad- 
just the computations to reflect the 
deficiencies of the system. Since the 
result sought is the incremental cost 
of fire protection and this increment 
is obtained by deductions from the 
existing system, the increment will not 
be substantially changed by adjust- 
ments to reflect the inadequacies of 
the existing system. 

In determining the per cent of the 
ioial value of the distribution sys- 
tem chargeable to fire flow, it is neces- 
sary to compare the cost of the exist- 
ing system with the cost of a hypo- 
thetical system having no fire flow 
capacity. The standards of the 
N.B.F.U., which in our opinion <are 
reasonable, require that the system 
be capable of delivering an adequate 
fire flow simultaneously with a nor- 
mal draft equal to the maximum daily 
demand. We see no reason for assum- 
ing that the maximum fire flows will 
occur simultaneously with peak de- 
mand as has been assumed in some 
studies of this problem. Regardless 
of whether or not fire flow capacity 
is provided, a well-designed water 
works system must be capable of de- 
livering a flow equal to the peak draft 
or peak hourly demand expected. 

In comparing the existing distribu- 
tion system consisting of pipes 6-in. 
and larger (pipes smaller than 6-in. 
are not adequate for fire protection 
and were assigned only to the distri- 
bution of domestic supply) against a 
hypothetical system for general serv- 
ice only, we have assumed that the 





latter system requires capacities ade- 
quate to supply peak demands. In 
other words, we believe that the ca- 
pacity in the system chargeable to 
fire protection is equal to the maxi- 
mum daily demand plus the maximum 
fire flows minus the peak demands. 

As an example: for a population of 
250, the fire flow plus the maximum 
daily flow (see Fig. 2), is 520 gpm, 
and the peak flow is 65 gpm. The dif- 
ference of 455 gpm, 87.5 per cent of 
the total, is chargeable to public fire 
protection, Similarly: for a popula- 
tion of 12,000, the fire flow plus maxi- 
mum daily demand is 4,500 gpm and 
the peak flow is 2,080 gpm. The dif- 
ference of 2,420, 53.8 per cent of the 
total, is chargeable to public fire pro- 
tection. These additional capacities, 
large as they are, are to be charged 
for on the basis of the additional cost 
of the pipes. 

The sizes of pipes required in the 
distribution system, for the hypo- 
thetical case of supplying domestic 
consumption only, were obtained by 
using the Hazen & Williams expres- 
sion for flow in pipes. With any given 
hydraulic gradient and friction fac- 
tor, the flow is proportional to the 
2.63-power of the diameter, thus: 


(D./D, )?-* 


From this formula a_ hypothetical 
pipe diameter Do can be determined 
which will give a flow capacity, Qos, 
equal to a given per cent of the flow 
capacity, Q;, in a corresponding pipe 
diameter, D, in the actual system. 

The values of Qs and Q, for any 
population within the system may be 
taken from Fig. 1, where Qz is the 
peak flow and Q, is the maximum 
daily flow plus the fire flow. If it is 
assumed that any given pipe in the 
distribution system, 6 inches in diam- 
eter or larger, is adequate for provid- 
ing fire flows plus maximum demand, 
then from Fig. 2 and the above for- 
mula the diamenter of the correspond- 
ing pipe in the hypothetical system 
may be computed. 


Computation of Data 


The results of computations as de- 
scribed above are presented in Table 
1 for populations from 250 to 12,000. 
The ratios Q2/Q, of peak demand to 
the sum of maximum daily and fire 
demand as shown in the second col- 
umn were determined from Fig, 2. 
The headings of the last four columns 
show the pipe sizes in the existing 
system. Under each size of existing 
pipe and opposite a given population 
are two columns. The first column 
shows the theoretical pipe sizes re- 
quired to supply peak flows only as 





TABLE 3 
Incremental Cost ot Distribution System for Fire Protection 
Calculations based oa Tables 1 and 2 





Present System 


Size Price Length 


Domestic Only 


Cost Length Cost 





Cement Pipe 

12” $ 1.30 per ft 
10” 1.00 

8” 0.85 

6” 0.72 

4” 0.65 

3” 0.65* 

Cast Iron 

OF 6.99 per ft 
10” 4.91 

8” 3.95 

6” 2.33 

4" 1.16 

3” 1.169 


Gates 
12” 112.33 each 


10” 78.00 
8” 68.11 
& 46.47 
4” 20.56 
20.56* 


2,271 
4,019 
27,272 


7,763 
8,903 
62,216 


Incremental Cost for Fire Protection 


Prices for 3’’ hypothetical sizes assumed to 


sizes. 


2,682 ft 


30,339 ft 


$ 3,487 
2,271 
3,416 

19,636 


2,682 ft 
6,290 


$ 2,280 
4,529 
27,272 17,727 
211,999 
38,117 
35,139 
144,644 


30,339 ft 
16,666 


62,216 
Number 


67 4,563 
36 1,673 


180 3,701 


$265,315 


$477,181 
265,315 
$211,866 
be the same as the prices for existing 4” 





computed from the equation. The 
second column shows the nearest 
standard pipe size sufficient to provide 
the peak flow only. This is a reason- 
able consideration, since in the final 
cost analysis it is reasonable to use 
only available pipe sizes. The pipe 
sizes for the hypothetical system have 
been computed only for populations 
which may reasonably be served by 
existings sizes at the head of each col- 
umn. These limitations were deter 
mined by a study of the distribution 
system in question. 

It will be noted from Table 1 that 
most of the existing 6-inch pipe would 
be replaced by 3-inch to produce the 
hypothetical system; most of the 8- 
inch by 6-inch; most of the 10-inch 
by 6-inch ; and most of the 12-inch by 
8-inch. In our computations to deter 
mine the cost of the hypothetical sys- 
tem, we have used the above replace- 
ment sizes. The sizes used are indi- 
cated at the botton of Table 1. 

Table 2 gives the length, size and 
original cost of the distribution mains 
as of December 31, 1952. These fig- 
ures are available in the records of 
most private water utilities, and 
should be available for a publicly 
owned water works. 

The estimated difference in cost of 
a hypothetical system, which is capa- 


ble of delivering the peak demand on 
the maximum day for domestic con- 
sumption only, and the actual system 
is given in Table 3. The sizes were 
obtained from Table 1 and the costs 
for those sizes were obtained from 
Table 2. Table 3 shows an incremental 
cost of the distribution system for 
fire protection of $211,866 based on 
original cost which is equivalent to 
35.87 per cent of the total cost of the 
distribution system. This figure has 
been used to allocate the distribution 
system value as shown in Table 4. 


Fixed Assets of System 

The fixed assets of the water works 
were taken from figures prepared by 
the management. These are shown in 
lable 4. The allocation of these fixed 
assets is based upon the principle of 
incremental charges for fire service. 
In conformance with this principle, 
such items as the pumping station, 
electric pumps, transmission main, 
and reservoir were determined to be 
required by a system which would 
supply domestic consumption only 
under methods of operation now em- 
ployed by the water works. 

For example, one electric pump op 
erating for approximately 10 hours 
will produce 1.5 mgd or approximate- 
ly the maximum demand of the pres- 
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TABLE 4 
Allocation of Fixed Assets on Basis of Initial Costs 
Tota Sub General Service : > Fire Pree Oe Undistribu ted 


Account Divisions $s C 5 $ 








protection in the per- 


signed to nit | 


é 
centage of 34.39. To this figure must 
be added the amount of operation and 
maintenance expense which is assign- 
able to fire protection; it consists of 
items such as maintenance of hydrants 

. and the fire protection portion of the 
assets art undistributed overhead expense. In 


various classifications the this example, the operation and main- 


totalled and the undistributed total is tenance expense chargeable to fire 
listributed between General Service protection was determined to be 7.70 
Fire in direct ratio of the total of per cent. The total revenue charge- 
»f these items to the total of able to fire protection was then deter- 
these two items. After this distribu- mined to be 24.42 per cent of the total 
tion of the undistributed amounts, the revenues of the water company. The 
percentage of the fixed assets under revenue figure (24.42 per cent) was 
ach heading is figured, and the per- based upon the book cost or actual 

centages are listed at the bottom of out-of-pocket original cost 
Allocation to Three Classifications final percentage of the A similar computation was made 


issets, listed in Table 4 nxed asst hich is allocable to fire on the basis of present-day reproduc- 


to three different classi- PTOtCHON IS 94.0% per cent tion cost. A figure of 17.70 per cent 
ely, General Service Fire P 7 eae Ch of the revenues based on reproduc- 
ire Protection Service arge tion-cost method was arrived at. The 


listributed. The assets 
re are those items used [he amounts of revenue derived actual fire-protection charges made in 
rotection and are the new from the fixed assets of the water these instances were $34,500 for the 
vdrants, and similar works, as determined above, is as- example based on book cost, and $35,- 
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SAFETY IN WATER AND SEWAGE PLANTS 


THE AMERICAN Water 

Works Assn. and the Federation 
of Sewage and Industrial Wastes 
Assns. have published manuals on 
safety. The Federation's Manual of 
Practice was published in 1944; the 
AWWA Manual appeared in the 


Journal in 1955. 


OTH 


Need for Safety Program 

Statistics gathered by the National 
Safety Council show that the water 
works industry has a higher rate 
of frequency of than the 
gas, electrical or communications in- 
dustries (in that order) and the 
rate is second highest. Data 
works has not been sum- 
marized but there is little reason to 
believe that the frequency of acci- 
dents is much less than in the water 


accidents 


severity 


on seware 


works industry. 
number of dis- 
man 


works, 


the 
per 


Frequen y 1s 
million 
water 


abling accidents 
irked In 
the frequency 
the communi 
1.22. The se- 
lost 
worked) 1s 
while in the 
industry it is 1550 and in 
industry, 100 
and sewage 


few men 
does not help the situation. National 
Safety data indicate that 
utilities with less than ten men have 
rate of 17.2 and a se- 
of 2700, the highest ob 


hours W 


data indicate rate to 
be 23.19 


cations industry it 1s 


whereas in 

(number of days 
hours 
works, 


verit\ rate 
per million man 
930 in watet 
electrical 
the communications 
The tact that 


employ 


water 
plants relatively 


Council 


a frequen y 
verity rate 


serve d 


Causes and Costs of Inquiries 


Handling objects is the source of 
more accidents than any other cause. 
This ts followed by falls, falling ob- 
Injuries 


jects, machinery, tools, etc 


to the body lead the list, followed 
by injuries to the fingers, arms, 
hands, feet, head, eyes and lastly toes. 
toes. 

Types of injuries occur in this 
order: bruises, contusions, cuts, la- 
cerations, sprains, strains, fractures, 
burns and eye injuries. 

The AWWA has shown that the 
cost of accidents are computable and 
occur in at least ten categories: 

Time lost from work 

Loss of future earning power 

Economic loss to employee’s family 

Time lost by other workmen 

Efficiency because of break up of 

crew 

Time lost by supervisor 

Cost of breaking in new employee 

Damage to tools and equipment 

Time damaged equipment is out of serv- 


loss 


Lae 
Spoiled work 

These causes and costs of accidents 

are just as applicable in sewage and 

treatment plants. 


industrial waste 


A Safety Program 

The 
safety 
efficiency, 


benefits to be gained from 
practices are many ‘ improved 
improved service, in- 
creased earnings, better 
morale, better public relations, and 
savings in the direct outlay for costs 
both by the utility and individual. 

The AWWA Manual includes a 
section on how to set up a safety 
program and how to maintain it. 
The Federal Manual of Practice No. 
1, likewise sets forth specific steps, 
and rules for a good safety program 


employee 


Steps to Prevent Accidents 

1. Keep a record of all injuries, 
source, cause, result, cost, time 
lost, etc. 
Make it a 
hazards. 
Correct any unsafe condition 
no matter where it exists 


habit to look for 


4. Interest all employees in safe- 
ty as an important factor in 
employer-employee relations. 
Teach employees good work 
habits. 


Safe Working Practices 
The AWWA Manual contains 23 


sections dealing with every possible 
operation or function in a water 
works and a full list of references 
on safety information. 

The Federation Manual devoted 
most of its content to the preven- 
tion of dangers from noxious gases, 
vapors and oxygen deficiency and 
discusses how the prevention of 
physical injuries is related to design, 
safety equipment and safe practices. 
Information is organized under sec- 
tions on sewers, pumping stations 
and treatment plants. Prevention of 
body infection is covered in relation 
to frequency of infection, plant de- 
sign, safety equipment and safe prac- 
tices. 


References 

The AWWA “Manual on Safety 
for Water Utilities” may 
from the Amer. Water 
2 Park Ave., New 


Practices 
be obtained 
Works Assn., 
York 17, New York. 

The Federation Manual of Prac- 
tice No. 1, “Occupational Hazards 
in the Operation of Sewage Works” 
may be obtained from the Federation 
of Sewage and Industrial Wastes 
Assn., 4435 Wisconsin Ave., N. W., 
Washington 16, D. C. 

A series of seven articles by Le- 
Roy Van Kleech on “Safety in Sew- 
age Works Maintenance and Oper- 
ation” appeared in Water & Sewage 
Works between July 1953 and Feb- 
ruary 1954. 
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Safety in Chlorine Handling - Gas Masks 


by V. W. LANGWORTHY* 


Development Engineer, Omega Machine Co., Providence, R. |. 


A™ ARTICLE dealing with the sub- 
yect of chlorine handling safety 
must devote attention to information 
regarding respiratory protective de- 
vices. This article will describe func- 
tions of the U.S. Bureau of Mines, 
general types of chlorine gas protec- 
tive devices, their specific uses, and 
the limitations of each type. 


Bureau of Mines 


The Bureau of Mines of the Unit- 
ed States Department of the Inte- 
rior performs valuable services in 
connection with the promotion and 
use of safe, satisfactory and reliable 
respiratory-protective devices. To ac- 


complish this broad program, the 
Bureau has established schedules of 
minimum requirements for the sev- 
breathing apparatus. 


eral types of 
self-contained 


Approval tests on 
breathing apparatus are conducted by 
the Safety Branch of the Bureau; 
tests on all other respiratory-protec- 


* Formerly Research Chemist, The Chlo 


rine Institute, New York, N. Y. 


tive devices are carried out by the 
Health Branch. 

Equipment which has been submit- 
ted for approval and meets the Bu- 
reau’s requirements is granted a cer- 
tificate of approval, stating that the 
apparatus has passed the Schedule 
of Requirements and describing ex- 
isting limitations. It should be noted 
that if approved devices purchased 
on the open market fail to pass pre- 
scribed tests, the approval certificate 
for the device may be rescinded. 

Lists of approved devices are pub- 
lished periodically for the informa- 
tion of the public. A recent list was 
published as Bureau of Mines Infor- 
mation Circular 7636 dated June, 
1952. 


Types of Chlorine Gas 
Protective Devices 
Devices classified as respiratory 
protective include _ self-contained 
breathing apparatus, gas masks and 
supplied-air respirators. 
\ll devices satisfactory for 


chlo- 


rine protection consist of a face mask 
connected either to an oxygen or air 
supply, or to a suitable canister 
which generates oxygen or to a can- 
ister capable of absorbing specific 
quantities of chlorine from the at- 
mosphere. 

The face mask is molded of flex- 
ible material and, when worn, is held 
in place by means of straps and fric- 
tion clasps. The mask must fit tight- 
ly: allowing leakage of gas through 
or around the face mask is obviously 
courting disaster. Immediate rejec- 
tion or repair is the only procedure 
when the face mask leaks. 

Transparent ports in the face mask 
make vision These ports 
vary widely in size and shape, and 
modern masks include circulation for 
Protec- 


pt ssible. 


fog prevention during use. 
tive devices for use in a chlorine at- 
mosphere should be restricted to 
those which include eye protection, 
due to the irritating nature of moist 
chlorine 

Provision for exhaust air is accom- 


























Fig. |—CHEMOX apparatus, an oxygen generating device 
Maximum canister service is 45 minutes. 


M S.A. Photo 


Scott Aviation Corp. Photo 


Fig. 2—SCOTT AIR-PAK self-contained compressed air device 
Maximum service of refillable cylinder is 30 minutes. 
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Fig. 3—M.S.A. self-contained demand type oxygen device 
Maximum service of refillable cylinder is 30 minutes. 


plished by valving 
devices which remain tightly closed 
during the intake cycle of breathing 
Connections between the face mask 
and other parts of the apparatus uti- 
lize flexible tubes which permit free 
head This tubing is re 
sistant to crumpling and deteriora 
tion, and is vital to continued de- 
pendability of the mask; hence it 
should be subject to frequent critical 
inspection and testing for leaks 


various types Ol 


movement. 


Mask Inspection 


Face masks and connecting tubing 
must be inspected regularly, certainly 
at intervals no longer than quarterly 
The inspection should include visual 
ly examining all parts of the appara 
tus, then placing the mask upon the 
face, as in actual service 

lo test for leaks, pinch off the 
orrugated connecting tube near the 
inhale deeply. The 


ce-piece and 


ce must collapse completely 
airtightness of mask and 
\ similar procedure 

followed to check the condi- 
f the connecting tube, by pinch- 


nd ite 


onnection 


tube near the connection far- 
the face-piece and inhaling 


event that leaks are found in 
either the face tube 
connections, and if tightening of elas- 


tic straps and 


piece, upde or 


bolts does not prevent 
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M.S.A 


leakage, the only solution is to re- 
place the complete face-piece with 
flexible tube attached. It is dangerous 
to take chances with a leaky gas 
mask, since a user will enter a con- 
taminated atmosphere believing that 
he is protected against chlorine gas, 
only to inhale gas through the leaky 
parts of the device, with possible dire 
consequences. 


Self-Contained 
Breathing Apparatus 

\s the name implies, a ,self- 
contained breathing apparatus is 
equipped with an oxygen or air sup- 
ply as an integral part of the protec- 
tive device. Use of this type of equip- 
ment is mandatory in working areas 
which are deficient in oxygen, or 
when a toxic gas exists in a concen- 
tration so high (above 2 per cent) 
that canister type masks are rendered 
useless. 

The Bureau of Mines has 
certificates of approval for the fol- 
self-contained respiratory- 
(as of June 1, 


issued 


lowing 
protective devices 
1952): 

Chemox oxygen breathing ap- 
paratus (34-hour self-contained ox- 
ygen breathing apparatus). Approv- 
al BM-1307, issued to Mine Safety 
\ppliances Co. October 3,1946. Cat. 
No. B-46328 Chemox Canister, Cat. 
No. B-45151 


M.S.A. Photo 


Fig. 4—M.5S.A. canister type chlorine service mask in use 
Gas concentration determines service of canister. 


Scott Air-Pak self-contained 
breathing apparatus ('%-hour self- 
contained compressed air breathing 
apparatus). Approval BM-1308, is- 
sued to Scott Aviation Corp., Octo- 
ber 3, 1946. Model 6000-A2M. 


M.S.A. demand-type oxygen ap- 
paratus (%-hour self-contained 
compressed oxygen breathing ap- 
paratus). Approval BM-1309, is- 
sued to Mine Safety Appliances Co., 
October 3, 1946. Cat. No. B-45950. 
Oxygen cylinder, Cat. No. B-45153. 

M.S.A. demand-type air appara- 
tus (%-hour self-contained com- 
pressed-air breathing apparatus). 

Approval BM-1310, issued to Mine 
Safety Appliances Co., November 
26, 1946. Cat. No. B-46307. Air 
cylinder, Cat. No. B-45843. 

As will be noted from the above 
list, self-contained breathing appara- 
tus operates for a specified length of 
time in an atmosphere deficient in 
oxygen, an important factor when 
high toxic gas concentrations exist. 
The time element is most important 
and the devices approved by the 
Bureau of Mines indicate service 
time remaining. 

In the case of Chemox apparatus, 
a 45 minute timer may be set, with 
discard of a canister after use of any 
amount. The device may be tested 
for leaks by grasping the flexible in- 





halation tube and inhaling deeply. 
Collapse of the face piece indicates 
sufficient tightness and proper func- 
the exhalation valve. Sim- 
ilar procedures are used to insure 
tightness of the inhalation valve and 
exhalation tube. The breathing bag 
may be checked by depressing both 


tioning of 


elbows firmly, if the bag does not 
deflate, the apparatus is tight. 

The Chemox apparatus is an ox- 
ygen generating, canister-type device 
which utilizes the user’s breath to ac- 
tivate an oxygen generating com 
pound. This device is light weight 
(13% Ibs., complete) and has no 
high pressure cylinders, valves or 
fittings (see Fig. 1). 

Che Scott Air-Pak apparatus uti- 
lizes compressed air which is sup 


plied to the user from a back carried 


refillable cylinder, having 40 cu. it. 
capacity, sufficient for 30 minutes 
use at extreme exertion. This device 
features a demand regulator which 
gives continuous indication of ait 
supply remaining in the cylinder. The 
regulator is equipped with a radium 
dial and is located in full view of the 
wearer. Protection against regulator 
failure is afforded by an emergency 
by-pass valve which will allow a con 
stant flow of air to the mask 
Fig. 2) 

The M.S.A. demand-type devices 
each supply 30 minutes service, one 
utilizing compressed oxygen and the 
other compressed air. Both employ 
back-carried, refillable cylinders hav- 
ing 40 cu. ft. capacity, sufficient for 
30 minutes use at extreme exertion 


( see 


(see Fig. 3). 

The demand regulator continuous- 
ly indicates the amount of service re- 
maining and is located in full view 
of the wearer. The regulator may be 
by-passed in event of failure, provid- 
ing a constant supply of air or ox- 
vygen to the face mask, with any ex- 
cess air discharging through the 
exhalation valve or around the face 
mask 


Gas Masks—Canister Type 

Canister type respiratory protec 
tive masks are used extensively in 
the sanitation field, with an admir- 
able history of service. They are sat- 
isfactory for chlorine service when a 
gas concentration of per cent 
(20,000 ppm) or less prevails in the 


two 


atmosphere ( see Fig. 4). 

It should be emphasized that can 
ister type masks can be used 
safely only when oxygen is present 
in life-supporting concentration. 
Canisters remove contaminants dur- 
ing inhalation—they do not supply 
oxygen: the decontaminated volume 
of air supplied to the respiratory sys- 
tem must contain sufficient oxygen 


ye 
fas 


or suffocation will result. The rup- 
ture of a chlorine package coincident 
with fire where an oxygen deficiency 
could create a situation 
requiring the use of either self-con- 
supplied air respiratory- 
combat the 


could occur, 


tained or 
protective devices to 
emergency effectively. 

The life of the canister depends on 
the concentration of chlorine in the 
atmosphere. Effective service life may 
be several hours when exposed to 
' concentrations of chlorine, 
but at high concentrations a canister 
have a service life of only 15 
\t Detroit, for example, the 
the canister is set at 


verv low 


may 
minutes. 
average life of 
two hours. 
Another limitation appites to can 
type gas masks besides that of 
gas concentration. A common 
sight among operating personnel is 
inventory, where 


ister 
OverT- 
found in canister 
been removed to 
masks instantly available for protec 
tion. Canisters, installed in the mask 
proper with seals broken, do not re- 
tain their chlorine absorptive capac- 
ity for an extended period and must 
be replaced immediately after use, or 
within one year, even though not 
used. Spare canister inventory should 
be stored with seals intact and dated 
so that rotation of new supplies is 
Canisters older than four 
years are unreliable and must be re- 
jected. 

The Bureau of Mines has issued 
certificates of approval for canister 
type gas masks suitable for use in 
a chlorine contaminated atmosphere. 
Such approval is included under 
schedule 14, a schedule which is 
changed from time to time so that 
Bureau requirements keep pace with 
technical advancements. Following 
are the names and addresses of com- 
panies to which approvals have been 
granted (as of June 1952) as pub- 
lished in Bureau of Mines Informa- 
tion Circular 7636: 

Acme Protection Equipment Co 

3037 West Lake St 

Chicago 12, Ill 

E. D. Bullard Co 

275 So. Eighth St 
Calif 
Davis Emergency Equipment Co 
45 Halleck St 
Newark 4, N. J 
Mine Safety Appliances Co 
Braddock, Thomas and Meade Sts 


Pittsburgh 8, Pa 

Willson Products, Inc 

Reading, Pa 

It is recommended that canister 
tvpe masks be inspected monthly by 
checking the face mask and connect- 
ine tubing as mentioned earlier in 
this article. Operating personnel 
must be thoroughly acquainted with 
mask locations, spare canisters and 
mask inspection procedures. 


have render 


seals 


p< yssible. 


San Francisco, 


R-45 


Masks should be located imme- 
available to, but outside of, 
feeder and scale rooms, and 


diately 
chlorine 
the chlorine package storage 
should be 


cated that spares are easily accessible 


area. 
Canister inventory so lo- 
in a cool, dry place 


Supplied-Air Respirators 
Hose Type Mask 


Hose type masks supply air to the 
wearer through a length of hose and 
are available with or without hand 
operated blowers. It is apparent that 
such a respiratory protective device 
must provide clean breathable air, 
delivered from outside the contam- 
inated area to the wearer, thus cau- 
tion must be when 
this type equipment, which usually is 
available with 150 feet of 
feet without blower ). 

The air hose is of large inside di 
ameter, approximately 1”, to enable 
a wearer to secure air through it in 
case of blower failure. 
deterioration and crushing 
are factors considered in designing 


excercised using 


hose (/O 


Resistance to 


weights 


hose for supplied air respirators. 

It is again pointed out that hose 
type masks require provision of clean 
breathable air to the wearer, limiting 
their use somewhat in chlorine con 
taminated atmosphere. They may be 
used to good advantage, however, in 
tank cleaning, underground repair 
work and in other confined spaces. 

The Bureau of Mines approves 
hose masks with blowers for respira- 
tory protection in any atmosphere re- 
gardless of degree of contamination 
or oxygen deficiency, providing clean 
breathable air can be reached within 
the permissable hose length. The Bu- 
reau of Mines covers this class of 
equipment in Approval Schedule No. 
19. 

Summary 

Increasing attention to safety pro- 
grams in the sanitation field provides 
opportunities to analyze hazards ex- 
isting in our plants. A critical survey 
of the entire chlorine handling sys- 
tem is certainly in order at any time 
While leaks in piping and other ap- 
purtenances cannot be predicted, it 
is possible to predict at all times the 
condition of protective devices and 
safety equipment. 

Every employee should be trained 
in the use of protective devices he 
is expected to use under emergency 
conditions. Regular rehearsals, for 
example, which include the entire 
testing procedure and wearing of the 
equipment will increase the efficiency 
of an operator faced with circum- 
stances requiring immediate action 

and may save his life. 
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IV. FUNCTIONAL OPERATIONS 


N THE FIELD of sanitary engi- 

neering, there are several opera- 
tions which are fundamentally the 
same for water, sewage, or industrial 
waste treatment works. These opera- 
tions, which may be termed func- 
tional, include: Pumping, Electricity, 
Flow Measurement, Instrumentation 
and Control, Chemical Handling and 
Feeding, Coagulation and Sedimenta- 
tion, Corrosion Control, Laboratory 
Control, and Maintenance. 


Pumping 

Liquid will move from one point 
to a lower point under the influence 
of gravity, but will not move in the 
reverse direction without energy 
being expended to move it. Gravity 
flow is utilized in sewers and in some 
water distribution systems, but in 
most water works, pumps are re- 
quired to provide the pressure neces- 
sary to deliver the water to the con- 
sumer’s tap 

In sewage works, pump lift sewage 
from one sewer to a higher one, or 
from an interceptor to a treatment 
plant at a higher elevation. Pumps are 
also used to lift water from wells and 
to pump air, chemical solutions, 
sludge, gas, etc. The design of a 
pump will depend on the material to 
be handled, suction lift, discharge 
head, conditions and effi- 


crency desired 


operating 


Electrical Equipment Operation 
most pumps are operated 
Electricity also 
controls, 


Today. 
by electrical 
operates instruments, 
nals, communications, chemical feed- 
ers, and lighting systems. Electricity, 
and its potentialities and properties, 
is necessary to the operation of any 
water, sewage or waste treatment fa- 
cility. Equally important are electrical 
motors which operate pumps and 
other equipment. 


motors 


o- 
sig 


Flow Measurement 


Where volumes of liquids or other 
substances are moved from one point 
to another, it is desirable to know, 
not to guess, the quantity of material 
handled. Reasons for flow measure- 
ment include: To provide data and 
information on plant production; to 
provide information on operation effi- 
ciency ; to control unit operations ; to 
ascertain quantity of water sold or 
volume of sewage treated: to deter- 
mine costs of operation; and to pro- 
W.&8.W 
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vide permanent records of operation. 

Points of flow measurement should 
be set up wherever measurement of 
volume in motion will produce infor- 
mation to satisfy any of the reasons 
for flow measurement. The more 
completely metered a water or sew- 
age plant, the better and more effi- 
ciently it can be operated. 


Instrumentation and Control 


Instruments, sometimes called re- 
ceivers or secondary instruments, are 
devices which indicate, record or to- 
talize some function of operation 
which is being measured. Flow, levels, 
pressure, loss of head, temperature, 
etc., are conditions of operation which 
may be shown or recorded on a sec- 
ondary instrument. Indicators show 
conditions at the moment of observa- 
tions, recorders give a permanent and 
continuous record on a chart showing 
conditions as they existed at any mo- 
ment. Totalizers give a numerical 
summation, to the moment of obser- 
vation, of quantities in motion. 

Closely coupled with instrumenta- 
tion is the matter of control. Control 
of flow, control of chemical feeding 
dosage, control of filter operations, 
control of treatment operations are 
all essential to proper operation of 
water, sewage or waste treatment fa- 
cility. Control can be obtained by the 
use of devices which operate in con- 
junction with or in direct response to 
flow measuring devices and their sec- 
ondary instruments or in conjunction 
with other operating devices and in- 
struments. The high cost and weak- 
nesses of manual operating proce- 
dures can be greatly reduced by the 
use of instrumentation and control. 


Chemical Handling and Feeding 


Whenever water, sewage or wastes 
require chemical treatment of any 
kind, the plant operator is faced with 
the problems of handling and storage 
of chemicals, and with adding the 
proper amounts of chemicals to pro- 
duce the treatment desired. 

Chemical handling begins with the 
receipt of a shipment of chemicals 
and ends with the introduction of the 
chemical into a chemical feeder. 
Chemical: feeding involves the oper- 
ation of a device to add controlled 
amounts of the chemical to definite 
volumes of liquid. Control of chemi- 
cal dosage according to the needs of 
treatment and flow to be treated is 


accomplished by chemical feeders de- 
signed for the purpose and controlled 
by a flow measuring device, or manu- 
ally. Different types of chemical feed- 
ers are designed to feed solids, liq- 
uids or solutions, and gases. The 
selection of chemical feeders depends 
on a study of type of installation, 
treatment required, chemical used, 
dosage range, control, etc. 


Coagulation and Sedimentation 


Removal of suspended solids is 
necessary in surface water supplies, 
water softening operations. This op- 
eration involves sedimentation, which 
may take place in rectangular or cir- 
cular tanks, usually equipped with 
mechanical devices for the removal 
of the settled material. 

Design of sedimentation tanks is 
related to rate of flow, rate of settling 
of particles, detention times and facil- 
ities for removal of solids. Operation 
is controlled according to loading, 
both as to liquid and solid volume. 

When solids in a liquid are too fine 
to settle easily by themselves (i.e., 
bacteria, colloids, etc. ), chemicals may 
be added to create flocs which will 
settle and sweep out the fine particles. 
Coagulation is controled by analysis 
of the liquid and the proper dosage of 
the coagulating chemicals. 


Corrosion Control 


Since water is almost a universal 
solvent, its presence creates the prob- 
lem of corrosion. Under certain con- 
ditions almost all metals will corrode 
or be attacked, as will concrete. In 
many cases corrosion may become a 
serious problem in water or sewage 
works. It can be controlled or pre- 
vented in various ways. The control 
may involve protective coatings, or 
chemical treatment of the liquid to 
reduce its corosive properties. 


Laboratory Control and Maintenance 


While the actual laboratory tests 
made in water plants may differ from 
those in a sewage works, the funda- 
mentals of analytical chemistry and 
bacteriology are used in the opera- 
tion of a control laboratory. Labora- 
tory control can improve plant oper- 
ations and the quality of the effluent, 
and often reduce costs of operation. 

Maintenance, particularly preven- 
tive maintenance, reduces operating 
costs, improves efficiency and length- 
ens the life of equipment. 





PUMPING PROBLEMS? 
BRING THEM TO 


BYRON JACKSON IS READY TO WORK WITY 

YOU ON YOUR PUMPING PROBLEMS... 

1. BJ supplies a complete line of centrifugal 
pumps sea 

2. BJ can ineer any special pump to the 
required capacity, head, pressure power. 

3. BJ has competent sales ineers in 36 cities 
throughout the country. — 

4. BJ backs you b rts and service facilities 
ofa ionpeshahttohed ed nation-wide erganiza- 
tion (since 1872). 


BJ SUBMERSIBLES 
Byron D py-s = manufactures = three 
a submersible . . 


. the P’ 

the SEAL . and the MOTOR. and 
combines them in BJ Submersibles and 
ratng poe yd oy 22 of sizes and 

nd heals up from 30 to 20,000 
sm, and heads up to 1800 ft. BJ Sub- 
mersibles be applied to all deepwell 
aha 














Complete pumping stations can be placed 
underground, under streets, parks, etc. 
Eliminat 


othe LAKE AND RIVER INTAKE PUMPS 
or low water 


pumps eliminate hi 


every di 
els for we 


Bowl and impeller assemblies to meet 
well need. Standard mod- 


6”, 8”, to 24” dia., ca 
ities to 9000 gpm, heads to 600 fe 


“Bee Jay” mode for 4”, 5” and 6” dia 


Choice of water or oil-lubrication. 
Send for BJ Bulletin No. 54-1-10,000 








and rf sme, roblems on lake and river 
take installations. Ca Capacities to 20,000 
gp nog) te ot to operate in or out 


water. 


BJ 

HYDROPRESS PUMPS 
Double-case pumps 
suitable for pdenalie 
press, boiler feed and 
descaling operations, 
other high-pressure, 
low-capacity water 
pumping require- 
ments. Capacities to 
500 gpm. Heads to 
7000 ft. 

Write for BJ Bulletin 

No. 52-6400 


ee ee ee ee es ee ee ee ee 


ae 
keaton 


erent 
peratures and 
Send for BJ Bulletin No. 54-1-10,000 


BJ VERTICAL 

PROPELLER PUMPS 
Single-stage pumps. For 
medium to high capacity 
jobs with low heads. 
Capacities to 50,000 gpm. 
Heads to 40 ft. For drain- 
age, river-intake, dewater- 
ing, irrigation, etc. Easily 
adapted to special needs. 
Write for BJ Bulletin 

No. 53-5800 


SINCE 1872 


BJ BILTON PUMPS 
General purpose pump with 
c led motor pump unit. 


Mounts in any position. No 
rigid foundation needed. Ideal 


BJ VERTICAL 
CIRCULATING PUMPS 
Single or multi-stage. For 
pumping medium to high 
capacities of water. Two 
size ranges. Capacities to 
50,000 gpm. Heads to 40 
feet. Saves space, simpli- 
fies piping. For cooling 
tower, dewatering, drain- 
age, river-intake and 
circulating. 

Send for BJ Bulletin 

No. 52-6050 


Byron Jackson 
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PUMPS AND PUMPING 


Ram 


Applications 
Water 
Sen Water 


SETVICE 


rticles which follow cover specific phases 
More extensive articles on the subject 


in Water & Sewage Works in four 


2. . 
ASK 


Factors in Centrifugal 
itions—Wat. & Sew. Wks. ; 100: R-23 


“Basic Factors in Preparing 
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Selection of Pumps 


. . « Operation Factors 


Packing 
Priming 
Problems 


Maintenance 


. Pumping Stations 


Buildings 
| ocation 


Equipment 


. « Pumping Terminology 


Head 

ovstem 

Centrifugal Pumps 
Reciprocating Pumps 


a Centrifugal Pump Inquiry”—Wat. & Sew. Wks. ; 
100: R-50 (May 1953) 
Karassik—“Designing, Constructing and 


arter and 
1-8 Wat. 


Maintaining Centrifugal Pumps”—Parts 
& Sew. Wks.; (1954-55) 
Symons—“Pumps, Types and Principles”—Wat. & 

Sew. Wks.; 101:485 (1954) 
Symons—“Pumps—Application and Operation”— 
Wat. & Sew. Wks.; 101:528 (1954) 








Milwaukee added 40 mgd to its pumping capacity by installing this 60- 
mgd Allis-Chalmers centrifugal unit in the space formerly occupied by 
one 20-mgd pumping engine. This new unit is driven by an Allis-Chaimers 
3700-hp steam turbine and is also supplied with an A-C condenser. 


Allis-Chalmers can supply a major percentage of the 
equipment needed for sewage plants, water works, 


municipal power plants, street and highway construc- 
tion, and other public works. See the three following 
pages for further information on A-C equipment. 


The record of Allis-Chalmers in building centrifugal 
pumps speaks for itself. Of thousands built, no A-C 
centrifugal pump has ever failed to meet its guaranteed 
efficiency. This means that when you specify Allis- 
Chalmers you are getting exactly what you intended to 
buy . . . exactly what you need. 


Hundreds of cities . . . large and small . . . are already 
profiting from the efficiencies of Allis-Chalmers pumps. 
The range of types and capacities of A-C pumps will 
meet the needs of any city. There are special pumps for 
water supply, fire protection, sewage, and drainage. 
Sizes range from small compact units handling only a 
few gallons per minute to huge 72-inch pumps capable 
of handling 300,000 gpm. 





Also worth while remembering is that you can get 
the entire pumping unit from Allis-Chalmers . . . for 
this company builds motors of every type, for operating 
every size of pump. You can also get the proper A-C 
starter for controlling the motor. 
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SEWAGE DISPOSAL 


PAY! 


By-products can help pay part of sewage 
system expansion costs. Here’s how... 


The flow sheet at the right shows two modern treatment methods 
that use by-products to help meet expansion costs. 


® Some cities, through the sale of fertilizer, are recovering a 


large percentage of the cost of operation 


Other cities are using digester gas to supply most of the 


sewage power and light needs 


Many industrial sewage plants are paying their way with 


similar improvements 


The increasing use of home garbage disposal units is aiding 
many municipal plants to increase their by-product value. 


Get Help on Your Problem 


Allis-Chalmers, builders of the world’s widest range of public works 
equipment, can help you analyze your problem and select the proper 
equipment for your particular needs. For complete information on 
any of the Allis-Chalmers items shown here call your nearby 
Allis-Chalmers District Office or write Allis-Chalmers, Milwaukee 1, 


Wisconsin 


Some A-C Products for 
Sewage Works 


CENTRIFUGAL PUMPS—Vertical 
or horizontal, for sewage and ac 
tivated sludge 

BLOWERS—For sewage aeration 

ROTARY VACUUM PUMPS—For 
use with vacuum filters in dewater 
ing sludge 

ROTARY COMPRESSORS—For 
compressing digester gas 

DRYERS—For sludge dewatering 

VIBRATING SCREENS — For re 
moving solids from liquids; also in 
fertilizer manufacture 

SIFTERS—For grading fertilizer 

ROLLER MILLS—For grinding fer 
tilizer 

V-BELT DRIVES—Constant and ad- 
justable speed 

MOTORS AND CONTROL—For 
all drives over 1 hp 

POWER EQUIPMENT—Steam tur 
bines, condensers, pumps, water 
conditioning 

ELECTRICAL EQUIPMENT— 
Transformers, switchgear, circuit 
breakers, unit substations, genera 
tors, voltage regulators 


Allis-Chaimers 16 by 14-in. vertical 
sewage pump on combined storm and 
sanitary sewer main. 





“SCREEN £) < All equipment shown in gray 


built by Allis-Chalmers. 
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Electricity ROTARY VIBRATING ROLLER LOW-HEAD 
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ALLIS -CHALMERS 





4— Reor view of 3000-kva, 4160-2400-volt unit sub- 
station with both incoming line section and distribution feeder 
section consisting of metal-clad switchgear. 





Allis-Chalmers outd bstati 
trols the electrical power wpely for a pumping station. 





protects and con- 





Electric Power Equipment 


rs 


MOTOR CONTROLS: Dependable start-stop 
contro! for all sewage processing apparatus, 
in both single and grouped units. Simplified in- 
stallation requires only connection to leads for 
operation. Expandable design permits easy 
addition of more cubicles when required. 


Chiorexto! is an Allis-Chaimers trademark 


ALABAMA 


Birmingham 3, 2000 First Ave., North 


ARIZONA 
Phoenix, 30 West Madison St 
CALIFORNIA 
Los Angeles 15, 417 S. Hill St. 
San Diego 1, 747 Ninth Ave 


COLORADO 

Denver 2, 909 17th Street 
CONNECTICUT 

Hartford, 750 Main St. : 

New Haven 10, 157 Church St 
DISTRICT OF COLUMBIA 


Washington 5, 14th & H Sts., N.W., Executive 53-2800 


FLORIDA 


Jacksonville 7, 1628 San Marco Boulevard 

EXbrook 8-6441 
9-3691 
2-8371 


Miami 32, 25 S.E. 2nd Avenue 

Tampa 2, 405 S. Morgan Se. 
GEORGIA 

Atlanta 5, 57 Forsythe St.. N.W 
ILLINOIS 

Chicago 3, 135 So. LaSalle St. 


Rockford, 303 North Main St 
INDIANA 
Evansville 9, 329 Main St. 
Indianapolis 4, 11 S$. Meridian St 
IOWA 
Davenport, 326 W. Third St. 
Des Moines, 206 Sixth Ave. 
KANSAS 
Wichita 2 
KENTUCKY 
Louisville 2 
LOUISIANA 
New Orleans 12, 210 Baronne St 
Shreveport 23, 624 Travis St 
MAINE 
Augusta 


114 South Main Street 


241 S. Fifth St 


Y Water St 


beer > = 


ALpine 8-6031 


Madison 6-2231 
BEbnont 4-4684 
San Francisco 7, 650 Harrison St... Douglas 2-8384 


Chapel 6-5675 
State 7-1176 


-.- Franklin 2 
Peoria 2, Commercial Nat'l. Bank Bidg 


2-6480 
4-9279 NEW YORK 
53-0664 


Harrison 
MElrose 2 


35-9793 
35-8682 OHIO 


53-9762 
Clay 7656 Toled 


Raymond 8623 
2-3274 


MAyfair 3-4769 


Allis-Chalmers can supply a major per- 
centage of all power generation, and 
electrical control and distribution equip- 
ment for public works. Included in the 
power generation line are steam turbine 
generator units, surface condensers, con- 
denser and boiler feed pumps, water con- 
ditioning service and equipment 


The range of electrical products in- 
cludes all types and sizes of motors from 
1 hp to 100,000 hp and up, and starters 
or control to suit every application 


Allis-Chalmers indoor and 
high and low voltage switchgear provides 
maximum protection and flexible control 
of power distribution circuits. All units 


outdoor 


are metal enclosed, factory built, so they 
need only be bolted in place and lines 
connected. Switchboards are custom built 
to fill your needs. 


A-C builds a complete line of power 
and distribution transformers. Most sizes 
can be cooled with either oil or Chlorextol 
non-inflammable liquid, or they can be of 
the air-cooled type 


Load center, single circuit and multi- 
Circuit unit substations are built in stand- 
ard ratings to meet every application. 
They are completely factory built and can 
be installed adjacent to equipment being 
served. 


ALLIS-CHALMERS 


1192 S. 70th ST., MILWAUKEE 1, WISCONSIN 


Sales Offices 


MARYLAND 
-$494 Baltimore 18, 1115 East 30th St... 
MQSSACIR ET TS 

Boston 16, 31 St. James Ave... 


HOpkins 7-4480 


.-.Hubbard 2-3700 


MICHIGAN 
Detroit 2, 1800 Fisher =m. 
Grand Rapids 2, 5-7 Lyon St., _N. 


Jackson, 297 W. Michigan Ave 


Trinity 1-2300 
Ww. 


Glendale 9-8249 
State 4-8591 


Cherry 4-6556 MIN) 


INESOTA 
Duluth 2, 10 E. Superior St 

Minneapolis 2, 821 Marquette Ave 
MISSOURI 

Kansas City 8, 1734 Main St 

St. Louis 3, 1205 Olive St. 
MONTANA 

Butte, 81 Hirbour Building eee si | | 
NEBRASKA 

Omaha 2, 14th & Farnam Sts 
NEW JERSEY 

Newark 2, 1060 Broad St... 
NEW MEXICO 

Albuquerque, 323 3rd St., $.W.... 


RAndoiph 7-$061 
FEderal 3-6455 


Victor 2-0132 
Central 1-4313 
Atlantic 1780 


---.Market 3-7170 


Walnut 7116 


Buffalo 3, 535 Washingt 


ert Syracuse 2, 472 S. Salena St... 


NORTH CAROLINA 
Charlotte 2, 212 S. Tryon St Edison 2-3188 
Akron 8, First National Tower.. 
Cincinnati 2, 617 Vine St... 
Cleveland 14, 815 S ior Ave., N.E. 
Columbus 12, 1384 Gran 
4, 245 Summit St. 


..POrt 2-7648 
‘Main 7300 
Main 1-5182 
--Hudson 6-2465 


.CHerry 53-5269 
Y oungstown 3, 25 E. Boardman St 
“Riverside 3-5175 
OKLAHO: 


Skichoome ‘City 1, aed & wt R 
Tulsa 3, 320 Archer St. Gi 


it 9-1631 
7-9163 


OREGON 
Portland 4, om W. 6th Ave......... 


PiPhiladelphis 3. 1617 Pa, Blvd 

ja 3, 1617 Pa. 

Pittsburgh 19, 421 Seventh 
Wilkes- . Market & Frankli: 
York, 42 East King St... 


RHODE ISLAND 
Providence 3, 111 Westminster St.....Jackson 1-8820 


TENNESSEE 
Keowilie. Hamilton Natl. Desk Bidg.......6-5101 
Knoxville 331 S. Gay St - 2-2165 
Memphis 3, 46 N. Third St Jackson 5-0583 


Capitol 2-9835 


_Viiligy 35-2413 
York $415 


leans St. 

Cc Christi, 416 N. Chaparrel $ Se Tal 
Dallas 2, 1800 N. Market St... athe 
El Paso 215 N. Stanton St.. 
Fort Worth 1, 408 West 7th St. 
Houston 2, 1104 Dowling St 


Antonio 5 
902 Frost Nat'l. Bank Bidg.. 


UTAH 

Salt Lake City 1, 136 S. Main St. 
VIRGINIA 

Richmond 19, 700 East Franklin St... 
WASHINGTON 

Seattle 1, 1318 4th A -Main 3797 

Spokane 1, West 422 Riverside. “Ave....Madison 0185 
WEST VIRGINIA 

ee, 1, 179 Summers St...................... 
WISCONS: 

A ato 1000 West College Avenue... 

ilwaukee 2, 715 N. Van Buren St., BRoadw 

CANADA 

Montreal, 


Edison ; $331 
CApital 5-0691 


G 6-7022 
Empire 3-1723 


3-6646 


39-505 


it 4-4577 
—_ 1-4729 


Distributors in all principal cities throughout the United States 
Offices and distributors located throughout the world. 





Limiting Entering Head 


F' )8 THOSE who have experi- 
enced difficulty in expressing a 
pump’s limitation in terms of net posi- 
tive suction head (NPSH), perhaps 
the designation limiting entering head 
(LEH) may serve as a solution, 

\ pump can discharge only as much 
volume as it can receive. Limiting en- 
tering head is the measure for de- 
termining how much pumpable ma- 
terial can enter a pump, independent 
of its capability to produce discharge 
head or pressure 

The new designation of pump limi- 
tation, LEH, is original with Allis 
Chalmers. The term is being used to 
minimize difficulties previously ex- 
perienced in distinguishing between 
net positive suction head and the suc- 
tion head itself. The suction head 
valve can be read on a gauge at the 
inlet of the pump, after the pump is 
primed but before it is operating. The 
limiting entering head valve cannot 

1 (except in rare 


be read on a 


gauge 


instances ), but must be calculated 


Pump Capacity Considerations 

The 
< pump S 
rpm and I 
istics of a pump limit the head or pres- 
pumping 


1 


limiting entering head 


’s capacity or volume 
impeller diameter cl 


sure ever) 
problem there are two LEH censid- 
J H of the 


LEH of the 


produced. In 
erations: the required | 
pump and the 


installation site 


ivailable 

Pumping a liquid by displacement 
or by centrifugal force causes a low- 
ered Ne W 
liquid will flow into this low pressure 
area if there is sufficient external 
force available to push it into the 
space as fast as it is being displaced 
The measure of the external force re- 
quired is termed the LEH of the 
pump. 


pressure at the pump inlet 


Formula for LEH Value 


A pump cannot move a liquid until 
the liquid enters the pump. LEH may 
be defined as the measure of the vol- 
ume of liquid which can enter the 
pump. The formula may be given as: 


Let Q = Volume of GPM 
A = Inlet area of the pump 


How much a pump can pump 


A. MILLER 


fA Chalmers 


by R. 


Mtg. Co. 


V = Velocity of the fluid 
K = The pump designer's coefficient 
Then Q = AxVxK 
Since V = V2 gh; therefore Q = 
Ax V 2 ghxK 
K = Aconstant for a given pump 
For a given size pump, the inle 
\ is fixed and is a constant. 2g 
a constant, with g pull of 
gray ity (32.2 
lherefore, Q varies with 


t 
area 
1S also 


“hh = LEH 


“h” is the head of external force 
required to cause the desired volume, 
(), to flow into the pump. Conversely, 
if “h” is fixed, it is the LEH, since it 
limits the quantity that can flow into 
the pump. 

Che formula is theoretical, and does 
not apply in actual practice due to de 
Values must be de 
termined from actual test. All pum; 
curves have LEH (NPSH) designa- 
tions plotted against volume in gpm 


variations. 


s1oT) 


lherefore, it 1s to calcu- 


late velocities or areas. It is necessary 


unnecessary) 


only to match the pump requirement 
the available LEH. Somewhat 
LEH available 
than the LI H re 


with 
should be 


value 


minimum 


pump 
quirement, 


Effect of the Installation Site 


Determine the elevation of the 
pump center line the 
surface of the liquid entering head in 
Teet. 

Determine the absolute pressure 
above the surface of the liquid PA 
converted to feet. | 

Determine the internal vapor pres- 
sure of the liquid due to temperature 
Py converted to feet 


abo e or below 


PSI X 2.31) Sp. Gr. = feet 
Then the available LEH = (P, 
He ” Hr 
HF = Friction 


screens, etc 


P.) = 


f suction piping 
n feet 


vaives 


’ 




















Pumping Above Liquid Level 


Pumping water from a river, lake or reservoir at apprc 


P, = 34 ft. 


WAY 
y a. \ 











ximately sea level 


Water is 60°F P, = .6 ft. Hz = 10 ft. Pipe friction 2 ft 


LEH = (P, — P,) 
= (34 — 6) 
The available LEH = 21.4 ft. 


+ He — He 
= is 


For practical purposes the atmospheric pressure P, will be reduced 1 ft for 


each 1000 ft elevation above sea level. 
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Pumping Below Liquid Level 

Pumping water from a tank open to 
atmospheric pressure—elevation about 
1000 ft above sea level. 

P, = 33 ft., water 160°F, P» = 11.2 
ft., He 12 ft. Pipe friction Hr 2 ft 

The available LEH = (33 — 11.2) 
+ 12 2 = 31.8 ft. 

If water temperature is increased to 
212°F, P- 33, then the available LEH 

10 ft 

For other temperatures or liquids con- 
sult vapor charts 

Viscous fluids require corrections 
which can be obtained from charts. 

Handling solids in suspension, paper 
stock, etc., requires special pumps and 
corresponding corrections from perform- 


ance charts 


ibove formula determines the 
between the 


Che 
difference in 
state of the liquid and its boiling point, 
measured at the pump center line. It 
is known that when a liquid reaches 
the saturation point (boiling point) 
addition of heat or re- 
will cause the 


pressure 


any further 
duction in 
liquid to vaporize 

It was stated earlier that 
reduces pressure at the inlet due to 
the pumping action. The LEH value 
measures the limit to which the pump 
is permitted to reduce the pressure 
without vaporizing the liquid. 

After determining the installation 
limitation, or available LEH, a pump 
can be selected to suit. Very often the 
installation LEH is very low, as with 
Then, of neces 


pressure 


a pump 


condensate pumps 
sity, a pump must be selected with a 
large inlet area, although it may oper 
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Pumping From Steam Pressure 

Pumping water from a closed vessel or 
heater containing water subject to steam 
pressure. Water may be sprayed into the 
heater or cascaded in a series of water- 
falls. The steam comes in intimate con- 
tact with the water and heats it to the 
same temperature as that of the incom- 
ing steam. 

Steam 5 psig 227°F and P, = 
psia 

Water in base of heater 227°F and 
P, = 19.7 psia 

He — 37 ft. He = 2 ft 

The available LEH = (19.7 psia — 
19.7 psia) + 37 ft — 2 ft = 35 ft. 

If the steam pressure is subject to 
sudden pressure drops, deduct the 
equivalent drop in feet from the avail- 
able LEH before comparing with the 
minimum required LEH of the pump 


19.7 


ate at considerably less than the maxi- 
mum efficient point of that pump. 

If the inlet area of a pump is in- 
creased to satisfy a low LEH condi- 
tion, some efficiency will be lost. This 
condition results in a greater horse- 
power requirement. There exists a 
definite optimum relationship between 
inlet area, width, and diameter of an 
impeller, to produce maximum pump 
efficiency. 

It often is economical to change the 
installation LEH to permit use of a 
more efficient and perhaps a less ex 
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Pumping From Steam Condenser 

A condensate pump removing water 
from a steam condenser. Because of con- 
struction and the expense of excavation, 
the hotwell is usually located just above 
the basement floor. Hx is very low, often 
only 2 or 3 ft and seldom over 5 ft. The 
condensate is at the saturation point. 
P, = Px and Hr is negligible. The avail- 
able LEH = (P, — PP.) + He — Ha 

LEH =O + He — O; LEH = He 

This He is often designated as ‘’Seal- 
ing Head” or “’Submergence.”’ 

Pumps with specially enlarged inlets 
are usually used for this service and ex- 
treme care must be taken in their selec- 
tion because of the very low LEH. Cavi- 
tation and noisy operation are common 
occurrances because of lack of available 
LEH. 


pensive pump. 

Be sure at all times that the instal- 
lation LEH value is greater than the 
pump requirement, and that sufficient 
margin is allowed for sudden changes 
in the pressure on the surface of the 
liquid. 


Practical Examples 


Four practical examples of how 
the LEH value can be applied to ac- 
tual installations illustrated. In 
each instance, calculations are given 


are 


for the pumping conditions specified. 
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PHILADELPHIA, PA. One of ten Worthington high lift 
centrifugal pumps at the Torresdale Pumping Station. 


Capacity of this pump is 40 MGD. 


MIAMI, FLA. One of four Worthington 15 MGD pumps 
driven by a Worthington diesel engine at the new Alexander 
Orr, Jr., Water Treatment Plant. 


NIAGARA FALLS, N. Y. Worthington high lift pumps in the 
Water Filtration Plant. In all, there are ten Worthington 
pumps, 15 to 30 MGD each. 


SHARON, PA. Iwo Worthington two-stage centrifugal 
pumps at the Sharon Valley Water Company. Capacity of 


the units is 2 MGD and 4 MGD each. 


Reliability proved a thousand times a day 


You benefit 3 ways when you deal with Worthington— 
world’s leading builder of water works equipment 


High output and low costs. Literally thousands of municipalli- 
ties from the smallest to the largest have found that they get 
high volume output and low operating costs when they install 
water works equipment by Worthington. Every day, the reli- 
ability of this equipment is thoroughly proved in installations 
like those pictured here. 

dation. Because Worthington makes all 





An unbiased r 
types of pumps and drives, you get the advantage of an equip- 
ment recommendation based on a broad look at all available 
ways of doing the job. Trained specialists will help you analyze 
your requirements and select the proper equipment. 


Unit responsibility. You do business with one company —elimi- 


WORTH 


nating delays and inconvenience that can occur when you are 
forced to co-ordinate the efforts of several suppliers. Unit 
responsibility by Worthington saves you time and money. 

Some of the water works equipment built by Worthington 
include: horizontal and vertical centrifugal pumps; vertical 
turbine pumps; diesel, gas and dual fuel engines; steam turbines; 
speed increasing gears; and water meters. 

For more information on any of these products, call your 
nearest Worthington District Office, or write Section W66, 
Worthington Corporation, Public Works Department, Harrison, 
N. J. In Canada: Worthington (Canada) 1955, Ltd., Toronto, 
Ont. 
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ALL MAJOR PUBLIC WORKS EQUIPMENT UNDER ONE RESPONSIBILITY 
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FW VODAY the great majority of pumping 
i stations are equipped with electrically 
driven centrifugal pumps, with an occasional 
Diesel driven or turbine driven centrifugal 
installation. The old slow moving recipro- 
cating pump of yesterday could always be 
depended upon to take care of changing 
pumping loads and varying heads without 
any great loss in efficiency. But, this is de- 
idedly not so with the modern centrifugal 
pump, designed to work under rather fixed 
ynditions. Any appreciable variation from 
e conditions is accompanied by a falling 
ff in efficiency, which may be rather 
marked 
Untortur 


works 


ately, the non-technical water 
operator who got his early practical 
xperience with the old displacement type 
of pump has not always become sufficiently 
acquainted with the characteristics of the 
centrifugal pump. Only too often the only 
demand made on a centrifugal pump is that 
it pump water, and little or no attention is 
paid to the efficiency with which it does its 
work. In fact the average water works man 
is usually not acquainted with any simple 
method of determining this efficiency 

It is, therefore, the purpose of this ar- 
le to point out the conditions which may 
ye expected to cause low operating efficien- 
y, and to outline a simple method for test- 
ing the wire-to-water efficiency which gives 
results as close as is necessary in practical 
water works operation. 


} 


Basic Principles of the Centrifugal 

As a youngster I used to tie a chestnut 
on the end of a string and whirl it around 
my head until I had imparted to it the force 
necessary to take it flying through the air 
at igh speed You did it, too The prin- 
iple of building up velocity of that chestnut 
by whirling it about the head is the same 
principle which is used in the design of a 
entrifugal pump. The water which enters 
through the suction inlet is seized 
by the rotating vanes of the impeller and 
until it is rotating at terrific velocity 
pressure and not velocity is desired, 
the pump is so designed that by gradually 
slowing down this velocity in the casing of 
the pump, the energy stored up in this 
rapidly moving water is almost entirely 
changed to pressure. The speed of the chest- 
nut rests upon two factors—the length of 
the string and the number of revolutions 
made within a specified period of time. The 
speed, and hence the resulting pressure, im- 
parted to water by a centrifugal pump also 

ts upon the same two factors—the di- 
ameter of the impeller and the number of 

utions per minute which the ll 


the pump 


spun 


Since 


impeller 


limits 
that 


of course, practical 
d and the diameter so 
ivs possible to secure 
ure with one 
passed through two or 
series, and each pump 

ire part of the total de 

Ss metimes these two r 
uilt in one pump cast 


ach pump is called a 


pump. Ii 


ticle is based na 
e Penna. Water Operators 
es material from an _ earlier 


Data article by the author 
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“stage.” Since electrically driven centri- 
fugal pumps operate at fixed speeds, there 
is always one head under which a pump will 
operate most efficiently. Right here it will 
not hurt to repeat that any material devia- 
tion from this condition will result in de- 
creased efficiency. 

Pump Performance Curves 

At this point I want to introduce a typical 
centrifugal pump curve which we will use 
for illustration during this discussion. Sim- 
ilar curves are available from the manu- 
facturer for all medium sized and large 
pumps. On small pumps it is not customary 
to furnish such performance curves. 

It will be noted from an inspection of 
the specimen curve that the greatest effi- 
ciency for this particular pump (about 75 
per cent) is secured when the head is about 
155 ft. and the discharge rate is about 1,300 
gpm. You will also note that as the head is 
materially increased or decreased from the 
optimum head there is a large change in 
the pumping rate and a considerable drop 
in efficiency. A great deal has been done in 
design effort to widen out the “peak” of 
the efficiency curve into a “plateau” so as 
to give high efficiencies for centrifugal 
pumps under a wider range of operating 
conditions. Considerable progress has been 
made in this direction 


Friction Head—Its Importance 

Let us see what happens when we forget 
to include pipe friction loss when figuring 
the total head against which the pump must 
operate. If we have figured on the pump 
whose curve we have, and if we are pump- 
ing through two miles of 16 in. main, the 
friction loss will add about 18 ft. to the 
pumping head—making it 173 ft. At this 
head (see curves) the pumping rate will 
drop to 1,000 gpm. and the efficiency to 70 
per cent. Furthermore, the pump is oper- 
ating on a very critical part of the curve 
where a slight increase in pumping head— 


Head in Feet 
Efficiency 


a 8 
3 8 


Centrifugal Pumps 


Notes on Selection of Pumps and Checking Pump Efficiencies 


caused by tuberculation in the main or by 
any other reason—would incur a precipitate 
drop in both the efficiency and the pumping 
rate. It also illustrates what can happen to 
a pump, after installation, when the pumping 
head has been increased above the head 
for which it was designed. As it is the 
nature of unlined iron and steel mains to 
tuberculate, resulting in a constantly rising 
friction loss, this is an important considera- 
tion. 
Let us illustrate this in another way. 


Selecting the Right Pump 

Suppose that we are in the market for a 
1,000 gpm. pump operating against a total 
head of 173 ft., and a pump whose curve 
we have been using has been submitted for 
consideration. I would not consider this 
pump a good “buy” to operate under these 
conditions. In the first place it will be noted 
that the efficiency of 70 per cent is much 
below the maximum efficiency of 75 per 
cent. But even more important, perhaps, is 
the fact that the pump at 173 it. head is 
operating under “critical head” conditions. 
An increase of only about 8 ft. (less than 
5 per cent) in the pumping head would 
bring the head to the maximum which the 
pump can create—in other words to the 
“cut off” point. This means that an increase 
in the head of only 8 ft. (about 3% pounds) 
would decrease the pumping rate from 1,000 
gpm. to zero gpm. Moreover an increase of 
only 3 ft. in head would cause a drop of 
200 gpm. in the pumping rate. On the other 
hand, when we are working in the most 
efficient range of the pump a change of 3 
ft. in the head would only cause a variation 
of 30 to 40 gpm. in the pumping rate; and, 
the efficiency is practically unaffected. 

It follows, therefore, that one should buy 
a pump within the range where the efficiency 
curve is as flat as possible and the head 
curve is as steep as possible. In this con- 
nection a word of warning may not be 
amiss. By making the vertical scale of the 





400 600 200 


° Brake Horse Power 


8 & & eg 


1000 Hoo 


Disch ange in G.R.m. 


An Example of Typical Performance Curves for Centrifugal Pumps. 
Various designs show individual characteristics in respect to the curves produced. 





a much flatter 
secured. 


curve less than is customary, 
appearing efficiency curve can be 
So in comparing the performance curves 
of pumps be sure that they are plotted on 
comparable scales. | have known curves 
with reduced vertical scales to be submitted 
where I felt sure that the scale was de- 
liberately reduced for the purpose of 
deception. 


Mistaken Economy 


Only too often in the revamping of a 
plant, efforts are made to re-use as much 
of the old equipment as possible. It may be 
assumed that if the old pump will handle 
1,300 gpm. against 155 ft. of head it should 
have less trouble pumping the same amount 
from the river to the settling basin against 
a head of only forty or fifty feet. This is 
so. In fact, if we will look at the curve we 
will find it will pump more than 1,300 
gpm. at the lower head. The curve does not 
go out that far, but it goes far enough to 
show what would happen—not only to the 
pumping rate but to the efficiency as well 
Ihe pumping rate goes up but the efficien: 

goes down way down. Reducing the 
head has a tendency to cause a pump to rut 
away as an automobile would ru 
away down hill when the going becomes 
easier if the throttle 

compensate for the decreased 
power. This running away the pump 
sometimes overloads the motor so that it 
runs hot. To prevent this, operators raise 
the head artificially by partly closing a 
valve on the outlet side of the pump. This 
decreases the load on the motor and brings 
the pumping rate back to normal. But it 
burns up a great deal of power needlessly 
as the closed valve destroys part of the head 
generated by the pump and only part of 
the work actually performed is effective. I 
have known of installations, such 2s this, 
where the installation of a new pump saved 
more than enough power in one year to 
pay the entire f the new pump and 
motor and also completely depreciate the 
old unit replaced. 


yes, 


mucn 


were not closed 


demand for 


cost ot 


3ut it is not always necessary to buy a 
new pump just because the head has been 
reduced. If we will get back to that chestnut 
on the string we will find that we can re- 
duce the speed of the chestnut by reducing 
the length of the string, at the same time 
keeping the number of revolutions constant 
In the same manner, we can cut down the 
pressure generated by a constant speed 
centrifugal pump by reducing the diameter 
of the runner. If the reduction in head is 
moderate, the manufacturer can advise you 
how much will have to be machined off 
the outside of the present impeller so that 
it will pump efficiently, or at a slight ex 
pense he will furnish a new impeller for 
the changed conditions. Or may cut 
down your old impeller 


It sometimes possible to 
larger impeller to efficiently handle in- 
creased heads, but in this case the motor is 
likely to be overloaded unless the original 
specification anticipated such change as 
loads increased 


1 
he 


1s secure a 


Another way to increase the speed of that 
chestnut would be to keep the length of 
the string constant and to increase the num 
revolutions. It follows that if we 
increase the revolutions of any centrifugal 
pump we will increase the head which that 
pump will generate. This explains why a 
certain pump tested last fall gave a wire to 
water efficiency of only 40 per cent. This 
pump was designed for use with a gasoline 
motor and to operate under the then ex- 
isting head conditions at a speed 1400 
rpm. Eventually electric p. became 
available and the pump was connected to 


ber of 


of 


wer 


motor and the 


This, 


an electric 
to 1,800 rpm. 
efficiency was consequently 


several years ago when 
tion designed to work 


ol course, 
head generated by the pump itself, 
very 
A somewhat similar condition was four 
a 5 med. 
against 
100 pounds was found to have 
nected in series to a 5 mgd. 
to pump against 50 pounds pressure. 


speed 
increased 
and 


increaset 
tr 
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ne 


low. 


a head 


been ( 
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installa 


; 


on 


pump designed 


This 


gave an installation with a design head of 


but the 
100 pounds 


150 pounds, 
only about 
thereby 
but the 
where it 


decreas 


efficiency 


was only 


brought the wire-to-water 
about 75 per cent 

It can be readily seen 
considerations that the 
a suitable pump from the 


actual 


slightly 


head 
The 
increased to approximately 
‘d to 


ut 


the 
40 


above 
cent. New and properly designed equipment 
efficiency 


from 
chances 


“junk 


the 
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mal 


was 
but 
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up 


still 
was 
6 med 
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per 


to 


above 
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about nil. It might be “as good as new” 
for the conditions for which it was designed 
and yet be absoluately worthless under any 
other conditions. In fact, it would probably 
be a most expensive liability. Yet pumps 
have been bought from the equivalent ol 
“junk men”, but most frequently have been 
‘salvaged” ‘by the original purchaser for 
other duty than originally purchased for 

So far, we have been discussing equip- 
ment which has been working under con- 
ditions which made it impossible to give a 
creditable showing. A mere inspection of 
the conditions and a knowledge of the de 
ign limitations would make it evident that 
satisfactory performance under these con- 
ditions could not be secured. However, there 
are where, after installatior 
things happen to properly selected pumps 
which will cut the efficiency of the equip 
ment. There was, for instance, the time 
when found a water snake wrapped 


1ust 


occasions 


we 





Table I1—Gallons of Water Delivered per Kilowatt Hour Against 
Various Heads on Theoretical Assumption That Pump 
and Motor Are 100 Per Cent Efficient 


= head in feet. 


G = gallons per kilowatt hour 
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around the shaft with the result that the 
inlet ports were partially cut off and the 
suction lift increased way beyond the 15 
feet maximum for best pertormance In 
another and similar situation blocks olf 
wood were found jammed in the ports. Then 
there was the time that low efficiency was 
caused by the blowing of the gasket of a 
multiple stage pump and the water was 
short circuiting back from a higher stage 
to a lower stage. One of our engineers once 
reported that an efficiency of 20 per cent 
was caused by the impeller slipping on the 
shatt 

[wo it 

und f 

the actual 


c were 


teresting conditions have been 
author which have no reference 
efficiency of the pumps but 
determined as the result of 
iking efficiency tests. In one instance, 
where the meter through which power was 
purchased was used to measure the power 
input, it was found that an apparent low 
efficiency was caused by this meter being 
set 20 per cent high. In another instance, 
a pump was discharging into a closed dis 
tribution system. On the basis of the water 
actually discharged into the system (24-hour 
period) the pump had an efhciency of only 
8 per cent. Had a standpipe or reservoir 
been floating on this system, the same 
amount of water could have been pumped 
with about one-eighth the amount of power 
which was actually used 

So much for the 
made 


yy the 


reasons why efficiency 


tests should be at intervals 
A Simple Efficiency Test 

The writer has worked out a simple 
od for making efficiency tests which he 
with satisfactory results 


met! 
has been using 
ior some years 
At one foot of 
efficiency of both 
theoretically possible to raise 
f water one foot with one kwh. To de- 
termine this theoretical value for any other 
head, simply divide 318,200 by the head 
volved. For instance, 


and 100 per cent 
and motor it is 
318,200 gal- 


head 


pump 


lons 


the value at 159 ft. would be 
318,200 
= 2,001.2 gal 
159 


kwh. In this connection the accom 
anying table may prove helpful in re- 

ucing calculations in pump testing 
lo determine the wire-to-water efficiency 
an installation it is only necessary to 
actual pumpage per kwh by the 
theoretical value for the pumping head, as 
determined from the table. A rough check 
can be made by dividing the month's 
pumpage in gallons by the kwh consumed 
gallons actually pumped per 


This gives the 


»f 


divide the 


Kwn 


Test Procedure 

With the pump running, 
total head in feet (including 
ugainst which the pump works 
318,200 gallons by this total 
determine the theoretical 100 
per kwh. (Or take the 
1.) Next divide the actual 
by the theoretical gallons 
wire to water ef- 


determine the 
suction ) 

Divide 
head (as 
above ) to 
per cent pumpage 
figure from Table 
gallons per kwh 
per kwh. to secure the 
hiciency 


To illustrate 

Assume a monthly pumpage of 32,640,000 
gallons and a monthly power consumption 
of 30,200 kwh. Say the total head noted 
220 ft. Dividing 32,640,000 by 30,200 
pumpage of 1,081 gallons 
318,200 by 220 ft. gives 
a possible 1,447 gal 


(see 


was 
gives an 
per kwh 
a theoretical 
lons per kwh 


table). ‘Then 


actual 
Dividing 
value of 
at 100 per cent efficiency 
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1,081 


1447 


(observed) 


- = 74.7% overall 
(theoretical ) 


wire to water efficiency. 

A more accurate method of making the 
tests is te measure the power input for an 
hour, or some other convenient period of 
time. During this period carefully check the 
output of the pump with any suitable main 
line meter. Keep a close record also of the 
discharge pressure and of the suction. The 
integrations on most electric meters in 
pumping stations cannot be read closely 
enough for short tests. However, the power 
company will funish the number of watts 
consumed for each revolution of the disk, 
and by counting its revolutions for ten or 
twenty minutes the rate of power input can 
be closely ascertained. Or the power com- 
pany can be asked to measure the power by 
means of special equipment. Where more 
than one pump is taking power through the 
master meter at the same time, the latter 
method is the only feasible one for testing 
each unit separately. 


Securing Total Head 

The total head in feet must first be 
secured. If the pressure gauge reads in 
pounds, convert to feet by multiplying the 
pounds of pressure by 2.31 [feet of water 
head giving one pound gauge pressure] 
The suction will probably be expressed in 
inches of mercury. Convert this to feet of 
water head by multiplying by 1.13. Also 
measure the vertical distance between the 
center of the pressure gauge and the point 
of suction measurement. The total head 
then becomes the sum of the following: 


Discharge pressure, in feet XXX 
Suctioi. in feet xx 
Vertical distance pressure gauge is above 

point of suction measurement, feet 

Total Head in feet 

Velocity head has been ignored, as it is 
a small factor for the relatively high heads 
which usually exist in water works opera- 
tion 

If water is delivered to the pump under 
pressure, then the pump will be working 
against a head equal to the difference be- 
tween the discharge pressure and the inlet 
pressure 

From the data 
determine the gallons delivered per kilowatt 
hour. As before, divide this by the theo- 
retical valve for the head against which the 
pump was operating. This gives the overall 
wire-to-water efficiency of the installation. 

As an example, let us assume an installa 
tion where we secured the following test 
data : 


secured during the test, 


Power input to motor 90.0 K.W 

Rate of discharge 51,840 gal. per hr. 
Delivery per KWH 576 gal 
Pressure 146 Ib. = 33 
Suction 15 in 1 
Difference in gauge elevation 1 ft 
Total head . 35 


Thee retical disc harge 
335 ft. head 318.200 
(see table) is -—— 

355 


and 


Overall efficiency S76 
(wire-to-water) is =r 
897 


If a suction gauge is not available, an 
approximation may be secured by measuring 
the vertical distance from the level of water 
in the clear well to the center of the pres- 
sure gauge, adding to this measured dis- 
tance about two feet for loss in bends, etc 


What the Tests Reveal 

Having shown the desirability of frequent 
tests and having presented a simple method 
for making them, it nay now be interesting 
to discuss what these tests may be expected 
to show. In the first place, there have been 
great increases in the attainable efficiencies 
of centrifugal pumps within the past few 
years. Those of modern design may be ex- 
pected to give up to the following overall 
(wire to water) efficiencies 


Efficiencies 


Capacity 
Per cent 


gpm. 

200 

400 

600 

800 

1000 

1500 

3000 

5000 

Over 5000 


au 
w 


’ np on Dee 
—uwe @ 


- 


os 
univ 


It will be noted that the larger the pump 
the higher the efficiencies. 

There will be variations from 
figures depending upon the head and other 
conditions. Such are submitted only for the 
purpose of giving something with which to 
compare the efficiencies of existing installa- 
tions. This is important, because it will often 
be found that older equipment may have 
retained its original efficiency and yet be 
so inefficient in comparison with modern 
equipment, now available, that it is decidedly 
not economical to keep it in operation. It 
will be worth while to check the present 
efficiency of every centrifugal pump now 
more than ten years old, to determine how 
great a reduction in power consumption 
can be secured by replacement with more 
efficient modern pumps. You may be sur- 
prised. 

If an old 1,000 gpm. pump, operating at 
an efficiency of 57 per cent is replaced with 
a new pump giving an overall efficiency of 

73 per cent the same amount of water may 
be pumped with 22 per cent less power. This 
means that both the demand rate and the 
power consumption through each step o 
the existing rate schedule would be de- 
creased 22 per cent. Such a reduction might 
prove enough to pay for the new installation 
in about one year’s time. In order to get the 
gallons per kwh. to be expected at any head, 
for any efficiency, it is only necessary to 
determine theoretical gallons per kwh. for 
that head and then to multiply this theo- 
retical value by the exnected efficiency. If 
the total pumpage in gallons is then divided 
by this expected pumpage per kwh. the 
power consumption to be anticipated from 
the new installation will be secured. Sim- 
ilarly it is possible to determine the antici- 
pated demand rate, which is often as im- 
portant as is the total kwh. consumption in 
determining the power bill to be expected 
from a new installation. Sometimes it is 
more important. 


these 


A Worthy Example 

An article by Marshall and Rawlins of 
Charlotte, N.C., revealed graphically how 
the power costs were drastically cut at the 
local pumping station by replacing old 
equipment with new. These power costs, 
which had been running about $16.00 per 
million gallons were cut to about $7.50 per 
million gallons. This cut was the result of 
two definite and distinct improvements. In 
the first place the pumping main was 
paralleled with a new line. This resulted in 
reducing the former friction loss materially. 
This single betterment cut the power cost 
from $16.00 to $12.00 per million. Following 
this, the not very old (but less efficient) 





pumping units were replaced with modern 
efficient equipment. This investment, which 
might appear to the average municipal coun- 
cilman a questionable expenditure, further 
reduced the pumping cost to $7.50 per mil- 
lion, representing a very notable day in and 
day out saving. 


Measuring Output of Water 

Table 1 has another use. Many plants, 
especially smaller ones, have no master 
meters. With the old ’ displ acement type 
pump it was possible to secure the approxi- 
mate amount of water pumped by installing 
a pump stroke counter and multiplying the 
number of strokes by the discharge in gal- 
lons per stroke. If the pump were permitted 
to get into a state of disrepair, this measure- 
ment was apt to be in error, but if the pump 
were kept in good condition it was reason- 
ably accurate. The method about to be out- 
lined for obtaining the output of water from 
electrically operated centrifugal pumps has 


possibly a degree of accuracy comparable 
to the pump counter method 

From the efficiency curve furnished with 
the pump, determine the pump efficiency for 
the head under which the pump operates. 
The curve will show the pump efficiency 
only. The combined pump and motor efh- 
ciency, the so-called wire to water efficiency, 
will be about 90 per cent of the efficiency 
shown for the pump alone. From Table 1 
secure the theoretical gallons per kilowatt 
hour for the head under which the pump 
is operated. Multiply this by the overall 
wire to water efficiency just secured. This 
gives the number of gallons per kilowatt 
hour the pump should deliver. Multiply this 
by the total number of kilowatt hours used 
over any given period of time and the result 
should be the number of gallons pumped 
over the same period. To illustrate: 

Assume a pump with an efficiency of 65 
per cent operating at a total head of 200 
ft. Then 90 per cent of 65 would give an 


HOW TO PACK A STUFFING 


Remove all old packing from the stuff- 
ing box. 

Clean box thoroughly, removing accu- 
mulations from walls 


Keep packing clean during application. 
The scoring of rods, shafts or sleeves 
often results from grit or foreign mat- 
ter picked up by packing. 


Determine size of packing required by 
checking diameter of rod or shaft and 
the inside diameter of the stuffing box. 
Rods wear and the packing has to com- 
pensate for this wear. 


Never wind a length of packing into a 
stuffing box. Use ring form only. 


Cut spiral or coil from packing over a 
shaft or mandrel of exactly the same 
size as the one on which the packing 
is to be used in order to get close fit- 
ting rings. 


Obtain sharp clean cuts on soft pack- 
ings that tend to squash or become 
ragged by simply applying a small piece 
of friction tape at the place where the 
packing is to be cut. It is advisable to 


remove the tape when installing the 
rings. String also serves well for tying 
the packing on each side of where the 
cut is to be made and may be left on 
the packing when installed. 


Cut all packing ring joints to a snug 
fit making the rings meet with a tight 
butt or bevel joint. 


Seat each packing ring carefully before 
placing the next one in the box. Load- 
ing a stuffing box with packing and 
then pulling up on the gland follower 
may cause excessive deformation of the 
first two rings, building up localized 
gland pressure and failure to seat the 
bottom rings so they can work effec- 
tively. 


Install all packing rings so that joints 
are staggered and kept approximately 
90 deg. apart. Spot joints in clockwise 
direction to facilitate locating them 
when removing packing. 


Pull up the gland follower sufficiently 
tight, after the packing has been in- 
stalled, to insure final seating of the 
packing. The nuts should be backed off 
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overall wire to water efficiency of 58.5 per 
cent. If the installation were 100 per cent 
efficient. Table 1 indicates the discharge 
woud be 1,592 gallons per kilowatt hour. 
With an overall efficiency of 58.5 per cent 
the discharge would be 1,592 X 58.5 per 
cent, or 931 gal. If the power consumption 
for the month be 20,000 kilowatt hours, 
then the total pumpage becomes 20,000 
931 or 18,620,000 gal. for the month. 


While this method of computing pumpage 
will not, as a rule, give results as satis- 
factory as those secured from a master 
meter, it does give a close approximation 
in instances where a master meter is not 
available. 

In outlining the tests in this paper it has 
not been intended to supplant the more de- 
tailed methods used by professional engi- 
neers, but to make available to the average 
water works operator a method of checking 
which will give reasonably accurate results 


BOX 


two or three turns to relieve excessive 
pressure. Adjust packing to operating 
conditions. 


Keep the following in mind for stuffing 
boxes provided with water, oil or grease 
lanterns: (a) Make sure that the lan- 
tern is so located in the box that as the 
packing is taken up, the lantern will be 
advanced to its proper location with 
respect to the opening in the box. (b) 
Check to see that the opening into the 
stuffing box is free from obstructions 
so that the sealing water or lubrica- 
tion can flow into the lantern. 


Allow packing to leak a small amount, 
if possible, when starting a newly 
packed pump. Take up the gland slowly 
as the packing seats. 


Provide means for lubricating the rod 
and packing wherever possible. 


Finally, carefully wrap all extra pack 
ings, place them back in their container 
as a precaution against waste and the 
possibility of their picking up dirt and 
other injurious foreign substances. 
Courtesy of Power 


HELPFUL HINTS FOR HANDLING PACKINGS 


Use packings of correct size. Oversize 
packings are difficult to install and may 
cause excessive friction. Undersize 
packings may be ruined by too much 
takeup. 


Where leakage cannot be permitted, 
provide a means of introducing a seal- 
ing or lubricating fluid such as water, 
oil or grease into the stuffing box. 


When renewing packings, use all new, 
clean packing. Worn packings are dry, 
highly compressed, have high friction, 
may develop scoring. 


4. Remember packing is relatively cheap. 
Labor and materials necessary to re- 
place worn shafts, sleeves or rods are 
expensive and critical commodities. 


Take up bolts evenly, moving to the 
bolt diametrically opposite, never to the 
bolt adjacent. 


Follow up bolts the next day after in- 
stalling new gaskets. For lines carry- 
ing high pressures, the gradual build- 
ing up of the pressure and continuous 
follow-up of bolts is recommended. 


Exercise great care when using gasket- 
ing dopes. Never use oil or grease on 


a rubber or rubber-compounded gasket. 
Graphite and glycerine or molasses 
compounds are not injurious to rub- 
ber. Never use dope on both sides of 
gasket—it may cause slippage or blow- 
out. 


Do not use a heavier sheet packing than 
is necessary. The thinner the gasketing 
material, the better. 


Ring gaskets are preferable to full face 
gaskets where the flanges are heavv 
enough to prevent distortion. 
Courtesy Johns-Manville Corp. 
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Centrifugal Pump Maintenance 


and Troubleshooting 


1. A Maintenance Timetable 


wy TIMETABLE, not “the” timetable! Operating Every 6 Months 
A enone 


ynditions vary so widely that to recommend one aad : 1 } 
‘ Replace packing—use grade recommended by pump man- 
preventive maintenance for all pumps would : ‘ af 
; ufacturer. Be sure seal cages are centered in stuffing 

v: boxes at the entrance of water seal piping. 
timetable as re/atiz The recom 
, sil ee Check shaft sleeves for scoring that would accelerate 

tion and service operations may seem too 


. nacking wear rde ~ar eleewee if ee 
wever, thev are based on the severest appli ‘ 1 at order new sieeve if needec 


maintenance schedule ilignment of pump and motor—shim up units 
If misalignment recurs frequently, inspect 
g equipment piping svstem. Unbolt piping at suction and dis- 
charge nozzles to see if it springs away—indicating strain 

Every Month ae < aoe 
. m casing. Check all piping supports for soundness and 


temperature with thermometer effective support of load 


running hot, prob- 
Relieve. If sleeve 7 
, Every Year 
hey need more ‘ 
n doesn’t correct condi- Remove rotating element. Inspect thoroughly for wear— 
possibly the order replacement parts where necessary. Check wearing 
clearances. Generally, they should be approximately 


1 


vw 
t 
tl 


an .003” per inch on diameter of wearing 


Remove any deposit or scaling. Clean out water seal 
earings, 


1 1 


the sl 


" it 


total suction and discharge lifts as test of 
litions. Record figures and compare them with 


f next test 


foot valves and check valves—especially check 


ich must safeguard against water hammer 


stops 


2. How to Locate Trouble 
No Water Delivered 


CAUSES CURES 
Lack of prime Fill pump and suction pipe completely with water. 


Speed too low Check whether motor is directly across-the-line and receiving full voltage. Or frequency 


may be too low, motor may have an open phase. Correct. 


Discharge head too high Check pipe friction losses. Larger piping may correct condition. Are valves wide open? 


Suction lift too high. If no obstruction at inlet, check for pipe friction losses. However, static lift may be too 


great. Measure with mercury column or gauge while pump operates. If static lift is too 
high, water to be pumped must be raised or pump lowered. 
Impeller completely plugged. Remove top of pump casing and clean impeller. 
Wrong direction of rotation. This sometimes occurs! Compare turning of motor with directional arrow on pump casing. 
Parts 1 and 2 ore from an Allis Chalmers Mfg. Co. booklet 
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CAUSES 


Air leaks in suction piping. 


Air leaks in stuffing box. 


Speed too low. 

Discharge head too high. 
Suction lift too high. 
Impeller partially plugged. 
Defective wearing rings. 
Defective impeller 
Defective packing 


Foot valve too smal! or par- 
tially obstructed. 


Suction inlet not immersed 
deep enough. 


Wrong direction of rotation. 


Speed too low 


Air or gases in liquid—e 


marsh gas in swamp water 
(Test in laboratory, reduc- 
ing pressure on liquid to 
pressure in suction line. 
Watch for bubble forma- 
tion. ) 


Mechanical defects. 


Too small impeller diameter 
(probable cause, if none of 
(above). 


Incomplete priming. 


Suction lift too high. 
Air leaks in suction piping 
Air leaks in stuffing box. 


Air or gases in liquid. 


Head lower than rating, 
pumps too much water. 


Liquid heavier (in either 
viscosity or specific gravity) 
than allowed for. 


Wrong direction of rotation. 


Stuffing boxes too tight. 


Casing distorted by excessive 
strains from suction or dis- 
charge piping. 


Misalignment. 


| 
| 


Not Enough Water Delivered 


CURES 
If liquid pumped is water or other non-explosive—and explosive gas or dust are not pres- 
ent—you can test flanges for leakage with flame or match. For such liquids as gasoline, 


suction line can be tested by shutting off or plugging inlet—putting line under pressure 
Seal leaks. 


Check to see if thin stream of water flows from stuffing box while pump operates. If not 
—and adjusting gland to reasonable extent does not produce flow—new packing prob- 
ably is needed. 

Or—water seal piping may be plugged and need cleaning out... 
displaced and need centering at water seal piping. 


lantern ring may be 


See item 2, above. 
See item 3, above. 
See item 4, above. 
See item 5, above. 
Inspect. Replace if worn excessively. 


Inspect. Replace if damaged or blade sections badly eroded. 


Replace packing ...and sleeves, if badly worn. 


Inspect. Area through ports of valve should be at least as large as area of suction pipe 
preferably 142 times. If strainer is used, net clear area should be 3 to 4 times area of 
suction pipe. 


If inlet can’t be lowered—or if swirling eddies through which air is sucked persist when 
it is lowered—chain a board to suction pipe. It will be drawn into eddies, smothering 
the vortex. 


Symptoms are an overloaded drive and about 13 rated capacity from pump. Compare 
turning of motor with directional arrow on pump casing. 


Not Enough Pressure 


See item 2, above. 


May be possible to overrate pump to point where it will provide adequate pressure de- 
spite condition. 

Better to provide gas separation chamber on suction line near pump, and periodically 
exhaust accumulated gas. 


See items 13, 14, 15, above. 


Check with your pump manufacturer to see if a larger impeller can be used. Otherwise, 


cut pipe losses, or increase speed . .. or both, as needed. But be careful that you don't 


seriously overload your drive. 
Pump Works for a While and Quits 


Free pump, piping and valves of ail air. If high points in suction line prevent this, they 
need correcting. 

See item 4, above. 

See item 7, above. 
See item 8, above. 


See item 20, above. 


Pump Takes too Much Power 


Turn down impeller’s outside diameter in amount advised by your pump manufacturer. 


Use bigger motor. 


See item 18, above. 

Release gland pressure. Tighten reasonably. If sealing water does not flow while pump 
operates, replace packing. If packing is wearing too quickly, replace scored shaft sleeves 
and keep water seeping for lubrication. 

Check alignment. Examine pump for friction between impeller and casing, worn wearing 
rings. Replace damaged parts. 


Realign pump and motor. 


1956 


W.&S.W.—REFERENCE & DATA 





Pumping Warm Water 


ke A particular temperature, the actual theoretical 
height that water can be drawn by suction by a perfect 
vacuum at sea level is obtained by subtracting the vapor 


water velocity and friction, the practical limits are less 
than the theoretical. If the water is hot enough, it is nec- 
essary to place the pump below the level of the water so 





that there is an actual head on the suction. The following 
chart gives practical suction lifts and suction heads for 
pumping water of different temperatures and at different 
elevations. 


pressure (in feet) of water at that temperature from 38.9 
feet. For example, at room temperature (72° F.) this 
theoretical limit becomes 33 feet, and at 160° F., this limit 
is 22.9 feet. Since proper allowance must be made for 





PracTicAal SUCTION CONDITIONS 
For PUMPING Water OF DIFFERENT TEMPERATURES 


te: 
These figures are based on 
using a Short suction pipe 
with one bend, length of 
pipe not to exceed sucth 
litt by more than 6 feet. 


g 


8 


Jea Leve/ 
2000 Ft Alt 
4000 Ft Alt 
6000 Ft Alt 
8000 Ft Alt: 
10000 F t /dlé 


Temperature Degrees Fahrenheit 


60 
6 6 4 2 © 8&8 6 4 


eoe 
Suction Head feet or ——+—— 
Distance of pump inlet 
below Mater Leve/ 


46656 0 2@ 4&4 6 6 2 @@ & £6 


Suction Lift Feet 





Horse-Power and Electrical Data 


g.p.m. X head in ft. 
0.746 KW. = 746 watts. (c) Water H.P. = 
KW. input 
(b) Brake H.P. = - ——— X motor efficiency. 
0.746 





(a) 1H.P. 
3960 
g.p.m. X head in ft. 
(d) H.P. to lift water = 





3960 pump efficiency. 
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ELECTRICAL EQUIPMENT OPERATIONS’ 


LECTRIC power is reliable, read- 

ily available, simple to obtain and 
relatively low in cost. It offers an 
excellent source of power for oper- 
ating pumps, instruments, controls, 
chemical feeders and lighting and 
communication systems. 


Definitions 

To understand electricity and elec- 
trical equipment it is necessary to be 
acquainted with a few fundamental 
definitions. 

Alternating current (A.C.) is elec- 
tricity which flows from the generator 
in one direction for a definite period 
of time and then reverses and flows 
in the other direction for the same 
period of time. 

Cycle or frequency is the number 
of times alternating current reverses 
its direction each second. Most com- 
mon is 60 cycle, although some older 


systems are 25 cycle. 


Direct current (D.C.) flows in but 
one direction. Battery output is direct 
current. D.C. can also be generated 
but is not used much. 

Units of electrical measurement in- 
clude: Volt (V), electrical pressure 
or potential ; ampere (Amp.), rate of 


flow : ohm (R), resistance ; watt (W) 
or Kilowatt (KW), electrical power. 
Electricity is usually sold on the basis 
of kilowatt-hours (KWH) or num- 
ber of KW of power consumed times 
the number of hours involved. 

Phase refers to the time relation 
between current and potential. In 
single phase, there is one applied vol- 
tage. Two phase circuits have two 
applied voltages, 90 degrees apart 
(one maximum when the other is 
minimum). Three phase circuits 
have three applied voltages, 120 de- 
grees apart. 

Power Factor of a circuit is the 
ratio of the true power passing 
through it to the product of the volts 
times the amperes. 

Load Factor is the daily (monthly, 
yearly) ratio of the average power 
to the maximum power used by a 
machine, plant or system. 

Demand Factor is the ratio of the 
maximum load actually taken by an 
installation, to the total connected 
load (sum of ratings of all appa- 
ratus ). 


Equipment 

In the design of water and sewage 
works, provisions must be made for 
receiving, conveying and using elec- 


trical power. Equipment includes 
transformers, switchboards, circuit 
breakers, motor, circuit and meters. 

Type of equipment must conform 
to the type of electrical current avail- 
able. Most power lines in this country 
carry three-phase, 60 cycle alternating 
current, but in some instances direct 
current is available. 

Voltages used depend on type of 
equipment: 110 volts for lighting, 
small motors, and appliances. Larger 
motors use 220, 440, 550, 2200, or 
4000 volts, depending on size; the 
latter two voltages are used for 
motors of 60-100 hp and more, 


Types of Motors 


In selecting electric motors, con- 
siderations should be given to: Suit- 
ability ; speed, speed regulation, con- 
trol, starting ease, current, and 
torque; power factor, rated power, 
partial load characteristics; and type 
of enclosure. 

Types of motors include: Induc- 
tion motors (both wound rotor and 
squirrel cage), and synchronous mo- 
tors. The former may be obtained 
in single-phase and polyphase, with 
single phase being heavier, more 
costly, less efficient, more difficult to 
start but with a lower power factor. 
Squirrel cage induction motors are 
frequently considered as most suitable 
for driving water works pumps. Syn- 
chronous motors have better power 
factors, and higher efficiency but cost 
more originally than squirrel cage 
motors, and require a source of D.C. 
power for the exciter. They are usu- 
ally used in sizes, 200 hp and over. 

The design of motors depends on 
use and installation in many instances. 
There are open motors, partially en- 
closed, totally enclosed; drip proof, 
splash proof, water-proof, submers- 
ible, gear, brake, etc. Submersible 
motors are used with deep well and 
sump pumps. Motors may be direct 
connected, close coupled, or magnetic 
drive for connection to pumps, or 
may drive equipment from jack shaft 
or through gears. 

Motor speed is an important factor 
in the selection of electrical motors. 
High speed motors cost less but slow 
speed motors are used for equipment 
that moves slowly like flocculators 
and clarifier rakes. Frequently the 
speed is reduced through a gear train. 
Variable speed motors find applica- 
tion with centrifugal pumps if the 
demand for water is not constant. 


Installation 


The setting of motors is important 
to the proper operation of both pumps 
and motors. The foundation must be 
large and stable enough to prevent 
vibration and must be level to prevent 
misalignment of pump and motor. 

l'ransformers are used to step 
down the transmission line voltage to 
that of the equipment. As a matter of 
safety, transformers should be placed 
in fireproof rooms or at points pro- 
tected from personnel traffic in water 
or sewage works. 

Relays and circuit breakers are used 
to protect equipment, and to start and 
stop motors, pumps. 

Switchboards contain the necessary 
devices to start and stop motors ; close 
and open valves; operate relays ; and 
house meters, recording and_indi- 
cating instruments, etc. 

In the installation of all electrical 
equipment safe practices must be fol- 
lowed. The National Electric Code 
Handbook contains details of stand- 
ard practice ; standard ratings of elec- 
trical equipment have been set by 
the Am. Inst. of Elect. Engrs.; and 
standards for electrical equipment 
and installation methods have been 
adopted by the Nat. Bd. of Fire Un- 
derwriters and the Amer. Stds. Assn. 


Operation Problems 


In addition to standard safety pre- 
cautions with regard to personnel, 
there are a number of precautions 
to be taken to protect the equipment 
itself. Motors must be protected 
against too much or too little voltage ; 
too much or too little load: reverse 
current, reverse power ; reverse phase, 
lightning, current surges. Fuses or 
circuit breakers are used for over- 
loads. 

Motors should not be operated 
above an ambient temperature of 
40°C, unless especially designed for 
high temperatures. Moisture and dust 
must be kept out of motors. 

Motors may be started “across the 
line” or at “reduced voltage” depend- 
ing on the capacity of the supply sys- 
tem. Motors operating centrifugal 
pumps are started with the discharge 
valve closed to reduce starting load. 


*Material for this discussion is based in 
part on Chap. XIV on “Electrical Equip- 
ment” in Water Supply Engineering by 
Babbitt & Doland (McGraw-Hill). r 
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FLOW MEASUREMENT 


LOW IS quantity in movement 
past a point in a specified interval 
\ rate of linear 
in interval of time. Ve- 
me function of it 1s a 
in flow 


tine velocity 15S 


tactor measure 
nmon measuring devices 
this concept 
10% 18 the measurement 
) motion for a relatively 
of time 
is the total amount of 
d during a period of time ; 
month, vear. Total flow 
ge rate of flow multiplied 


flow commonly used in 
and sewage practice are cu ft 
; gal per min (gpm) and 
(mgd) 


per c (cfs) 


mil gal pet day 


Reasons for Flow Measurement 


well as 

lotal 
production in a week, 
year help chart trends for 
operation 


plant output as 


pressure in lines are important 
plant 
montn or 
planning. Rates of 

output of individual operating 

its aid in proper operation and 
maintenance of filters, pumps, wells, 


day, 


wash water service, chemical feeders, 
electrical equipment 

Determination on efficiency of plant 

and control of 
also functions of 

Flow 
ments are made to ascertain quantity 
and amount of non- 
to determine the costs 


id unit operations 
operations are 
measurement measure- 
of water sold 
revenue water : 
of operation, and to provide records 
orf permanence 

Ina works the reasons for 
flow measurement are made to pro- 
vide data and information on plant 
operation; to determine plant oper- 
to control unit op- 
sludge flow, 


sludge disposal, 


sewage 


ating efhciency ;: 
erations, sewage and 

operation, 
determine 


le pet 


feeding, etc. to 
costs: and to provide 


of performance 


oras 


Metering Points 


works flow 


points of 


include 
suppl 


Letdown from 


surface water intake, 


lischarge, wells and 


low to or from coag 


ulating ns and settling or soften- 


ig 
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wash water to supply 
wash water to filters; effluents 
filters, finished water to clear 


ing basins; 
tank ; 
from 
wells 

Distribution 
high service pump discharge, elevated 
tank pump dis- 
charge ; interconnections to other sup- 


-Transmission mains ; 


storage; booster 
* consumers services 
Plant Water Supply 
outside P 
In sewage 
measurement includes 


Sewers 


plies ; 
(inside and 
oil, gas and electricity. 

flow 


works points of 


Main sewers, Intercep- 
ributary, lift stations, sampling 
stations 
Primary Treatment 
ent, bypass, sludge. 
Disinf ection—Chlorine, 
chlorination. 
+ ét ondary 


tors, 
Plant influ 


water for 
Treatment—T rickling 
filter influent, dosing tanks, sludge 
from clarifiers, recirculation.—Acti- 
vated sludge influent, return sludge, 
waste sludge from clarifier, air vol- 
ume, ratio of air to sewage and return 
sludge to sewage. 

Sludge Digestion—Raw sludge, di- 
gested sludge, supernatant liquor, gas, 
heating water, recirculation 

Sludge Disposal—Volume handled, 
sludge dewatering, elutriation, chem- 
icals, ete. 

Plant water, portable water, 
gas, electricity 


oil, 


Devices for Flow Measurement 


Head-area meters are used only for 
open channel flow or flow in partly 
filled pipes. They operate on the prin- 
ciple that a constriction or barrier 
in the flow channel will back up the 
liquid creating a high level (or head) 
than the level below the barrier: this 
head is a function of velocity and 
therefore rate of flow. Head-area 
meters include weirs, measuring 
flumes (Parshall flume) and open- 
end nozzles 

Functional 


devices which measure 


meters are mechanical 
some function 
of volume in movement and by means 
of other mechanical devices convert 
that measurement into rate of flow or 
total flow. 

Functional meters include: (1) 
Differential head devices (Venturi 
tube, insert nozzle, orifice, Dall flow 
tube, Gentile flow tube) ; (2) Velocity 
and (3) Pitot Tubes 


meters ; ; 
used but 


Pumps are not generally 


reciprocating pumps of controlled 
output may be used; centrifugal 
pumps are not good metering devices. 

Displacement meters operate on the 
basis of the fill and draw principle. 
Meters for household are 
usually of this type. 

Miscellaneous devices for flow 
measurement include: the constant 
differential meter or rotameter; and 
inertial flow meters. 


services 


Selection of Primary Units 


The devices which measure the 
flow are called primary units ; devices 
which indicate, totalize or record flows 
are called secondary instruments. 

Considerations which affect the se- 
lection of primary units include: Type 
of service, engineering factors, in- 
stallation factors, com- 
parative characteristics, and operators 
convenience. 

Engineering factors include allow- 
able permanent head size of 
constriction, differential head, dis- 
tance to secondary unit, type of trans- 
mitter ; types of ends, corrosion re- 
sistance, etc. 

Comparative considerations in- 
clude: Accuracy, cost, capacity, range, 
permanent head loss, life expectancy, 
freedom from field tapping, freedom 
from upstream disturbances, ability 
to handle liquids containing solids, 
ability to handle pressure, laying 
length, and ease of installation. 


accessories, 


loss, 


Operating Problems 


Foreign bodies such as bricks, 
rocks, concrete, lumber, grease, jute, 
etc. have been found in primary de- 
vices. Any foreign matter in a pri- 
mary unit will adversely affect the 
accurate operation of flow measuring 
devices. The remedy is to remove the 
material. 

Negative head exists in metering 
instruments under certain conditions 
of installation and adversely affects 
the proper reading of the secondary 
instrument. : 

\ knowledge of the construction, 
operation and adjustment of equip- 
ment, plus proper tools, spare parts, 
and a preventive maintenance sched- 
ule are essential factors in insuring 
against costly breakdowns. A sound 
maintenance schedule will include ar- 
rangements for a regular visit of a 
factory trained service man. 
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Figure |—Centralized control room in a pumping station using desk and vertical-type 


CENTRALIZED CONTROL 


The use of centralized control rooms in water supply and sewage 
treatment plants helps designers to secure fully co-ordinated oper- 
ation and greatly reduced man-power requirements. When plan- 
ning centralized control installations you now have available a line 
of Bailey products developed especially for this service. These 
products which are described in Bulletin 17 include: 

1. Bailey Pneumatic and Electric Transmitters. 

» J Bailey Rex eiver-Recorders and Indicators. 

3. Bailey Pneumatic Control Components. 

1. Bailey ARMORTUBE Cable for carrying Pnuematic Signals. 


TELEMETERING SYSTEMS 

Pneumatic and/or electric signals ac- 
tuate Bailey Telemetering Systems. 
Either or both may be received in the 
Type WM55 Receiver-Recorder (Prod- 
uct Specification E12-5). Multiple re- 
ceivers may be connected to one trans- 
mitter. Several flow measurements can 
be totalized on one record. Automatic 
control may also be part of the meas- 
uring and telemetering system. 

For a complete list of factors such 
as flow, level, pressure, temperature, 
pH, conductivity, turbidity and speed 

Figure 2—Bailey Reeelver-Re- which can be measured and teleme- 
corder for pneumatic and of tered. ask for Bulletin 17. 


electric signals 
Electric or pneumatic signals from .Bailey Registers may actuate 
chemical feeders, fluid sampling devices, alarms, or pump controls. 


BAILEY REGISTERS 


Bailey Registers measure flow of 
sewage, industrial waste, sludge, dirty 
water or other liquids in open chan- 
nels or in pipelines. They also meas- 
ure air flow, pH, liquid level in open 
and closed tanks and reservoirs and 
other factors. 

Pneumatic and/or electric signals 
established by Bailey Registers may 
actuate automatic control systems. 


Figure 3—Mechanically operated 
register 


Figure 4—Bailey Filter Operating 
Panels of the indicating type 


Figure 5—Bailey Filter Operating 
Panels of the recording type 


The following are typical applications: 
. .. FOR OPEN CHANNELS 


The Bailey Flume or Weir Meter is simple and accurate. It con- 
sists of a single float connected by a flexible cable to a sturdy 
indicating, recording and integrating mechanism, which may be 
mounted on a panel board, a wall or a column. Remote location 
may be obtained by the use of a Bailey Telemetering System. Ask 


.for Bulletin M22-5. 


. . « FOR PIPELINES 

The Bailey Fluid Meter accurately measures flow of steam, 
liquids, and gases in pipelines at high or low pressures. A ven- 
turi tube, flow nozzle or orifice is used as the differential pro- 
ducing device and the meter indicates, records and integrates on 
a standard Bailey Register. This meter may also provide records 
of pressure, temperature or liquid level on the same chart. Ask for 
Bulletin 301. 


. « « FOR LIQUID LEVEL 

Bailey Registers may be used in measuring liquid level in open 
tanks and reservoirs. Three methods are available: 

Open Float Method—For location above liquid level. 

Static Pressure Method—For location below liquid level. 

Bubbler System—For measuring level or specific gravity of 
corrosive liquids and for liquids with solids in suspension. For 
more information on Bailey Level Recorders ask for Bulletin 17. 


... FOR AIR FLOW 

Bailey Air Meters measure air flow in main lines and in individ- 
ual lines to aeration tanks. The register used is similar in appear- 
ance to the standard Bailey Fluid Meter and is designed to oper- 
ate on a maximum differential pressure of 8” of water. 

Air flow from a rotary positive type blower can be measured 
accurately with a Bailey Electronic Type Recorder measuring 
blower shaft speed by means of an electric tachometer. This may 
be calibrated to record in terms of air flow. 


.. « FOR RATE CONTROL 

The Bailey Rate Control System is designed to meet the spe- 
cific requirements of each application. It operates at peak efficiency 
on either filter backwash, filter effluent, or filter surface sand wash 
system. Meter differentials available from 12.5 to 1200 in, of water. 


ARMORTUBE CABLE 

This protected multitube cable for 
pneumatic transmission lines minimizes 
installation costs and provides inherent 
hazard-proof protection for control sys- 
tems. It is stocked in three sizes of 4, 
8 and 12—%” O.D. copper or alu- 
minum tubes encased in heavy rust- 
resistant galvanized steel strip. Ask for 

neo ere Dalen Cre. 
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Main Line Metering With Propeller Meters 


HE principle of the current meter 

has been used as a primary meter- 
ing element for the measurement of 
stream flows for many years. Since 
1924 this same current meter prin- 
ciple has been applied as a primary 
element for the measurement of main 
line flows by the Sparling Meter Co., 
Los Angeles, California, and 
1944 by Builders-Providence, Inc., of 
Providence, R.I. This type of meter 
has proven itself well suited for this 


since 


purpose 
Characteristics 

[he current metering principle is 
well adapted for main line measure- 
ment as the action of the propeller is 
solely dependent upon the velocity of 
the flow in the line. The pressure 
requirement is only that which will 
always maintain a full pipe of water. 
[he loss of pressure caused by the 
metering element in sizes 6-in. and 
does not inches of 
pipe ve 


exceed 6 
maximum 


large 
water at 
locity. 


normal 


Continued accuracy of the current 
type meter is dependent chiefly upon 
maintaining a clean metering section, 
keeping the propeller free from in 
crustation and preventing solids, 
which might damage the propeller, 
from entering the pipe line. The 
plastic propeller has proven itself well 
this purpose, as it is prac- 
inert and will resist both cor- 
and electrolytic action. In 
order to maintain a uniform meter 
propeller assembly may 
either in a cast iron, steel, 


suited tor 
11 


tically 
rosion 


section the 


be mounted 


by JAMES M. MONTGOMERY 


onsulting Engineer, Pasadena, Calif. 


eine 


- w 
open le. - —- ~~ - a 2eE, 
. 


Fig. |—Continuous flushing system with 
Builders Sightflo indicator 


or bronze tube with a liner and 


straightening vanes. 
Meter Features 


Propeller type meters as manu- 
factured by the Sparling Meter Co., 
and by Builders-Providence, Inc., 
have high accuracy over wide range, 
measuring within plus or minus 2 
per cent of actual flow from about 10 
per cent to 100 per cent rated capac- 
ity. Both manufacturers’ meters have 
an “open upper limit” or temporary 
overload range, where the meters will 
continue to register with good ac- 
curacy at rates up to at least 150 per 
cent of rated capacity. Both the 
Sparling and the Builders meters are 
self-contained and self-operated, re- 
quiring no mercury, pressure piping 
or electrical connections ; they are as 
easy to install as a valve or fitting 
with no adjustments required in the 
field. 

One feature of the Builders Pro- 
peloflo Meter is the Venturi design. 
This produces an increased and con- 
sequently more stable velocity at the 
point where the fluid acts on the 
propeller. This increased velocity also 
produces added power, which is ot 


value when applying secondary units 
to the meter. 

Both types of meters can be used 
with secondary instruments, either 
cable-driven or electrically-operated 
totalizers only, totalizer-recorders or 
totalizer-indicator-recorders for near- 
by or remote location, when so speci- 
fied. They may also be used in con- 
junction with electric alarm registers, 
where measurement of a pre-deter- 
mined quantity of liquid is required. 

With the Builders, Propeloflo Me- 
ter a continuous flushing system is 
recommended when metering the flow 
of liquids containing gritty materials 
or heavy concentration of solids. 
This system introduces a small con- 
tinuous back flow of clear water into 
the propeller hub, thus preventing the 
solids-bearing liquid from reaching 
the propeller shaft bearing. The 
Builders Sightflo Indicator in this 
system gives a visual indication that 
the back flow is adequate and is prop- 
erly maintained. (See Fig. 1) 

The Propeller 

The propeller type meter, as illus- 
trated in Figs. 2 and 3, is made up of 
a 6-blade propeller, approximately 
8/10 of the internal pipe diameter 
mounted transversely in the center of 
the pipe. The propeller is made of 
plastic material, having a_ specific 
gravity of approximately 1, and is 
suitable for use in either cold water 
or hot water, up to 250° F. For spe- 
cial liquids the plastic propeller may 
be replaced by an aluminum pro- 
peller, or stainless steel propeller, 























Fig. 2—Cutaway view of Sparling pro- 


peller meter 


he flow-straightening 
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vanes) 
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Fig. 3—Cutaway view of Builders Pro- 


peloflo meter 


(Note the Venturi design and stream- 


ned nose of propeller mechanism) 





depending upon requirements. The 
propeller, when made of plastic, prac- 
tically displaces its own weight in 
water and is mounted on ball bear- 
ings, which allow it to rotate freely 
in the stream of water. 


Installation 


The metering element may be in- 
stalled directly on an existing pipe 
line by means of a saddle either 
bolted or welded directly on the main. 
In such installations it is important 
that the inside diameter of the pipe be 
accurately determined and the meter 
properly centered. In all installations 
the meterhead may be removed from 
the pipe line very quickly and easily 
and it is normally good practice to 
make a yearly inspection. 

In selecting the proper location for 
the metering element it should be 
kept in mind that a normal flow of 
water, free from either spiraling or 
jet action, is required for accurate re- 
sults. The spiraling effect which may 
be caused in the flow of water passing 
through a series of elbows, can be 
largely corrected by installing straight- 
ening vanes in the line preceding the 
meter, 

Various forms of such vanes are 
in use, but a very simple and effective 
correction may be made by the in- 
stallation of 3 vanes, each approxi- 
mately % the pipe diameter, and 2% 
pipe diameters long, set at 120 de- 
grees to each other in the pipe. These 
vanes will not eliminate a disturbance 
caused by a partially opened gate 
valve, but are effective for double 
elbows or other standard fittings, and 
with such vanes the. manufacturers 
state that the meter element may be 
installed with but five pipe diameters 
of straight approach. However, when 
possible, a longer section of straight 
approach is desirable. 

\ straight run of one pipe di- 
ameter downstream from the meter is 
normally sufficient for all installations. 
It is always good practice to use the 
straightening vanes. When the meter- 
ing element is installed complete with 
either a flange or bell and spigot tube, 
straightening vanes are mounted di- 
rectly inside this metering section to 
constitute a complete unit, ready for 
installation. 

The metering element may be in- 
stalled in either a vertical or hori- 
zontal pipe and it may be mounted 
on either the suction or discharge side 
of a centrifugal pump. In all cases it 
is required that the line run full. 
Standard Specifications 

The American Water Works Asso- 
ciation has published standard speci- 
fications for cold water meters—cur- 
rent type, propeller-driven—known as 
































Fig. 4—Section through propeller-type compound meter 


(Note 


No. 7M5-T. These cover general de- 
scription, capacity, size, design, con- 
nections, operating mechanism, and 
notes of special importance. 
Calibration 

Experiments and experience have 
shown that a propeller will rotate in 
direct proportion to the velocity of 
water in a pipe at all flows above an 
approximate pipe velocity of % 
linear foot per second. The index, or 
number of cubic feet passing through 
the pipe for each turn of the meter 
shaft, is determined from volumetric 
tests. From this index proper gears 
are furnished for direct totalization 
of the flow. 


valve which 


Compound Design 


Fig. 4 is a sectional illustration of 
a compound meter suitable for use 
where an extremely wide range of 
flow measurement is required. This is 
offered by the Sparling Meter Co., 
of Los Angeles, and has a range of 
150:1. A compound unit consists 
chiefly of two propeller type meters 


closes on low flows to cause entire flow to 








Fig. 5—Typical Sparling indicator- 
recorder of the mercury governor type 


pass through small meter.) 


working in series through a pair of 
ratchet clutches, allowing the meter 
revolving at the highest speed to 
drive the totalizer-register. On a 
very low flow the large meter will 
under-register, and thus allow the 
small meter to drive the totalizer. As 
the flow increases a pipe velocity is 
reached where the large meter has 
come in step and the small meter is 
operating at a high capacity. At this 
point the pressure loss caused by the 
small meter operating on the differ- 
ential area of the compounding valve 
forces the valve to lift itself and allow 
the higher flow to by-pass the small 
meter. 


Although the minimum flow is con- 
siderably above that of the standard 
domestic compound meter, it is well 
adapted for main line measurement as 
the pressure loss caused by the entire 
unit does not normally exceed 2 
pounds at maximum flow. 


Indicating and Recording Elements 


A rate-of-flow indicating and re- 
cording instrument may be used in 
conjunction with the straight total- 
izing primary element. The primary 
step of a current type meter is direct 
totalization. If the rate-of-flow indi- 
cation is desired it must be obtained 
through a secondary step normally 
involving either a governor bowl or a 
friction plate revolving at a constant 
speed with a follower locating itself 
on the plate by impulses from the pri- 
mary element. 

Figure 5 illustrates the recording 
instrument involving a governor bowl 
which is driven either mechanically 
up to 15 feet from the metering ele- 
ment, or electrically to any distance 
required. The governor bowl consists 
chiefly of a float riding in the center 
of a mercury well. As the governor 
revolves, the mercury, through cen- 
trifugal force, finds its way through 
a small needle-valve to the outer 
chamber of the bowl, allowing the 
float in the center to have a rising and 
falling action in proportion to the re- 
volving speed of the bowl. This type 
of governor is effective over approxi- 
mately a 6-to-1 range and is extreme- 
1956 
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a 25-ft. radius of the propeller type 
meter. In the of the Builders 
Propeloflo meter, the flexible cable is 
connected to the meter either by a 
straight-type adapter plate or by a 
right angle take-off. At the receiving 
the connection is made 


case 


instrument, 


through a coupling unit which can be 
positioned for straight line approach 
of the cable to the instrument. 


Application With Chemical Feeders 

Automatic pacing of chemical feed- 
ers, by either mechanical or electrical 
means, is readily obtainable from a 
current meter element as the shaft of 
the meter is revolving in direct pro- 
portion to the flow and considerable 
load may be applied without affecting 
the rotating speed of the propeller. 

If given the periodic inspection re- 
quired by any primary metering ele- 
ment, the characteristic of low pres- 
sure loss and accuracy over a wide 
range of flow allows the principle of 
the current meter to fill an important 
part in the water works field. 

The propeller-type meter is not 
suitable for measuring raw sewage 
and is not generally recommended for 
measurement of a sewage effluent un- 
less the effluent has passed through 
a filter bed. When installing such 
meters on raw water gravity lines, 
care_must also be taken to provide 
screens at the inlet structure to pre- 
vent excessive algae or weeds from 
passing down the pipe and fouling the 
meter propeller. 
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Fig. 7—Propeloflo meter used to pace proportional chemical feeding 
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METERING DEVICE 


WITH CONTACTOR IN METER HEAD wuicH 
WILL PRODUCE A MOMENTARY CONTACT 
FOR A SPECIFIED NUMBER OF GALLONS 
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ror accurate measurement and control 
SPECIFY THIS RELIABLE SIMPLEX EQUIPMENT 


PARABOLIC FLUMES 


VENTURI TUBES 


— 





Accurately measure sewage, sludge, 
trade wastes under a wide range of 
pressures. Flanged, bell or spigot ends 
in any size or design . . . any metal. 

Cleaning valves at main and throat 
keep piezometer openings clear. 


WRITE FOR CATALOG 004 


SLUDGE CONTROLLERS 


Accurately control flow of te 
sludge, trade wastes. Most accurate 
mary device, a Simplex Venturi Tu 
has a special throat section of flexible 
rubber—measures as it controls! Motor- 
driven clamp adjusts throat . . . keeps 
flow at control point. Viscous flows con- 
tact no moving parts. 


WRITE FOR BROCHURE 


ORTHOFLOW” TRANSMITTER 


Electric—New Simplex Orthoflow 
transmits data over in-plant circuits and 
leased telephone channels. Accuracy of 


+2% for wide ranges. 
Receiver— Reliable Type H Meter. 








WRITE FOR BROCHURE 


OTHER SIMPLEX PRODUCTS 


INSERT-TYPE 
CONTROLLERS VENTURI TUBES 


LARGE DIAL SPECIAL AIR 
GAUGES VALVES 


FILTER OPERATING TABLES 


Write for information today! 


FLOW RATE 


ELLIPTICAL VENTURI TUBES 


Developed specifically for accurate 
measurement of low velocity sewage, 
sludge or heavily laden trade wastes— 
flowing under low pressures. 

Flat top prevents air binding! Flat 
invert is self-scouring! 


WRITE FOR BROCHURE 


TYPE MO METERS 


Most accurate inferential 
type instrument for water, 
sewage, sludge, industrial 
liquors. Indicates, records, 
totalizes. 

Measures within +2% 
over ranges up to 20 to l. 
Easy-to-read chart. Wall, 
floor stand, or panel mount- 
ing. 


WRITE FOR 
BULLETIN 500 


LAMINAIR” TRANSMITTER 


Pneumatic— New Simplex Laminair is 
fast and accurate. Permits centralizing 
instruments in —_ aa panel away 
from primary devi 

Receiver — Reliable Type H Meter. 





WRITE FOR BROCHURE 


VALVE AND 


SIMPLEX VALVE & METER COMPANY @ Dept. WS-13, 7 E. Orange St., Lancaster, Pa. 


W.&S. W. 


Measure sewage, sludge and trade 
wastes under low heads or open flow. 
Can be used for indicating, or with 
meter to record and totalize. Simple to 
install. Full 20 to 1 flow range. Flanged, 
bell or spigot inlet in 6” to 36” standard 
pipe sizes. 
WRITE FOR BULLETIN 800 


TYPE H METERS 


Mercury-float type indicating, record- 
ing and totalizing unit. Gives +2% ac- 
curacy at any point for flow ranges up 
to 13 to 1. Evenly spaced scales make 
accurate readings easy. Wall, panel, or 
floor stand mounting. 


WRITE FOR BULLETIN 402 


AIR RELEASE VALVES 


= Specially designed for 
a sewage lines. Vent air ac- 
cumulations to eliminate 
>, binding at high points, in- 
crease pumping efficiency. 
Special vacuum-holding 
attachment vents air with- 

out causing loss of prime. 
The 2” size is adaptable 

for installation on all pres- 
sure lines, pump casings. 


WRITE FOR BULLETIN NO. 1200 


SIMPLEX 


METER 


COMPANY 
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Recovery Characteristics 


of Differential Producers’ 


N THE mvasurement of water or sewage flow, the 

choice of a metering device may depend on the recov- 
ery characteristics of the device, particularly if it is a 
differential producer. 


LOSS OF HEAD ~ 





Fig. 1. LOSS of Head 


When fluid passes through a differential producer, the 
line pressure downstream from the differential producer 
is less than at the inlet (See “A” and “B” in Fig. 1). 
Chis difference in pressure is called loss of head and is 
an important consideration in many installations. A high 
loss may result in inadequate line pressure at some distant 
point, or in high pumping cost, or in additional expense 
to elevate water for a gravity distribution system. 


RECOVERY CHARACTERISTICS 


Fig. 2 shows a comparison of head loss for differential 
producers commonly used for insertion in a pipe line. 
rhis graph is unique in that head loss is plotted against a 
capacity constant, B*K, thereby permitting a comparison 
of primary devices of same inlet size but differing throat 
sizes which meter identical flows at identical differential 
pressures. The term 8 expresses the ratio of throat di- 
ameter to inlet diameter while the term K is a combined 
factor which includes the effects of jet contraction, 
velocity of approach, velocity distribution and friction. 
Values in Fig. 2 were obtained by measuring the difference 
in head between two piezometers, one located one diam- 
eter upstream from the differential producer, the other 
located five diameters downstream, and subtracting the 


*Reprinted from Keep Sheet No. 3A of B-I-F Industries, Inc. 
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ordinary friction losses in six diameters of pipe. Fig. 2 
shows that the Dall Flow Tube and the Venturi Tube 
have much lower head loss than the orifice plate or con- 
ventional flow nozzle (Type A) when metering a given 


10 90 
TYPE A FLOW NOZZLE 
With no recovery cone 
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Fig. 2. RECOVERY Characteristics of Differential Producers at 
Equivalent Capacity 


flow at a given differential. 


TYPICAL CALCULATIONS 


To compute the loss of head, it is necessary to determine 
8*K, which can be obtained from the following formula: 
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Fig. 3. GRAPH of Annual Power Cost for Various Head Losses 


0.1764 


Vh 


where : 

8?K = Capacity Constant Factor 

Q = rated meter capacity, gal/min (water at 60°F) 
d = diameter of pipe line in inches 

h = differential in inches of water at rated capacity 


Knowing 87K, the head loss, expressed as per cent of 
differential, can be determined from Fig. 2 for any de- 
sired differential producer. To compute head loss at any 
selected rate of flow, multiply the differential at that rate 
of flow by the percentage which applies. A complete ex- 
ample is worked out on the next page. 


Figure 3 provides a quick means for computing the 
value, in dollars per year, of power consumed due to 
head loss, or conversely, the saving due to head recovered, 
assuming 70 per cent overall pumping efficiency. Starting 
with a known head loss, read vertically to the proper rate 
of flow, then horizontally (to the right) to applicable 
cost per KWH, and then vertically upward to the annual 
value, in dollars, of power lost or saved. 


If the pumping rate is higher than 1000 gpm (the 
maximum rate on the graph), divide the pumping rate by 
10 or 1000 and proceed as directed, multiplying the answer 
by the same factor. 


For example, assume that a differential producer de- 
signed for maximum differential of 80 in. is to be in- 
stalled in a 12 in. line where maximum flow will be 3900 


gpm 


From the discussion on the front of this sheet: 


3900 x 0.1764 


3900 0.1764 
422 


peeonicentenee der. JS 


BK = ——— = 
V 80 144 8.944 


From Fig. 2, with 8?K = .534, the head loss with a Dall 
Flow Tube is 2.5 per cent of the differential, or since the 
differential is 80 in., the head loss is 2 in. of water. 


For equivalent capacity, at the same differential, Fig. 2 
shows that an orifice plate installation (segmental orifice 
required for this high capacity) would have a head loss 
of 39 per cent of differential. The loss with the orifice 
plate, then, is 39 per cent of 80 in. or 31 in. of water. With 
a Dall Flow Tube, head loss is less than for the orifice by 
29 in. or 2.42 ft of water. 


With 24-hour pump operation at 3900 gpm (70 per 
cent overall efficiency) and power cost of $.025 per 
KWH, the graph in Fig. 3 shows the annual cost of power 
which can be saved by selecting a Dall Flow Tube for 
the primary device rather than an orifice plate amounts 
to $560 (Use difference in head loss of 2.42 ft and 390 
gpm rate on graph and multiply answer by factor of 10). 


The suitability of a particular differential producer for 
a given installation depends not only on pressure recovery 
but also on numerous other factors. Technical data and 
information on all factors concerned with the selection 
of any type of differential producer may be obtained from 
the manufacturer. 
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Measuring Flow in Sewers 


The Ohmmeter Technique 


by JOHN D. EYE 


Eng., Virginia Polytechnic Institute, Blacksburg, Va. 


” NOWLEDGE of the quantity of 
sewage or industrial waste being 

carried by sewers is essential in plan- 
ning and designing treatment facili- ra 
ties, in planning sewer extensions, 
and in evaluating waste loads being VOLT- OHMMETER 
introduced into receiving waters. 

The flow in sewers is generally es 
timated by (1) direct discharge 
measurements ; or (2) depth-velocity 
techniques. In general, the direct dis- 
charge methods are more accurate SCALE ETCHED ON ROD 
than the depth-velocity methods but 
usually are somewhat more limited in re 
application. The ohmmeter technique 1 oY 
falls within the classification of a Z . 
depth-velocity method. In the author’s 1 ‘y-- LOCKING CLAMP 
experience, this technique has given ' 
excellent results and has proven to be 
extremely versatile 


Method and Techniques 


The ohmmeter technique depends 
on the establishment of a depth-veloc- 
ity-discharge relationship for the 











RUBBER HAND GRIPS 




















sewer to be gaged, and on the subse- i 
quent computation of the hydraulic | PLASTIC BLOCK 
elements used in an empirical formula 
such as Manning’s. The elements en 
tering Manning’s formula for flow 
are: (1) the slope of the hydraulic 
gradient; (2) the hydraulic radius; 
and (3) the roughness coefficient 
The mean velocity of flow is meas 
ured either by a current meter or a 
pitot tube, and the corresponding 
depth of low is determined by use 
of the depth gage described in this ar 
ticle. If the slope of the hydraulic 
gradient is known or assumed, the 
roughness coefficient can be computed 
from the above measurements ; if the 
slope is unknown, a value of the 
roughness coefficient can be assumed 


= 
and the slope computed for the flow ~ i 
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existing at the instant the measure- 3 hs 


>" avuMinuM _ _" ALUMINUM 
CONDUIT 2 CONDUIT 


ments were made. Channel conditions 
may cause a change in computed slope 
with varying depths of flow, it is 
necessary to extend measurements 
and computations over the range of 
flows normally expected 

\fter the slope and the roughness Fig. |\—-OHMMETER depth gage, portable type, for flow measurement 
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coefficient have been determined, a 
curve is plotted of depth vs. discharge. 
A hydraulic elements chart facilitates 
the plotting of this curve. Subsequent 
gagings require only the measurement 
of the depth of flow. This depth when 
referred to the discharge curve gives 
the flow through the section. 


Ohmmeter Depth Gage 


A depth gage consists of two con- 
ductors insulated from each other— 
one movable with respect to the other 

and an ohmmeter for impressing a 
voltage across the conductors, illus- 
trated in Fig. 1. The depth of flow is 


determined by lowering the gage into 
the manhole until the fixed conductor 
rests on the invert of the sewer, then 
raising and lowering the movable con- 
ductor until it just makes contact with 
the liquid surface. The point of con- 
tact is determined by a deflection of 
the ohmmeter needle, which is caused 
by a coupled circuit, when both con- 
ductors are in contact with the liquid. 
Che depth of flow is read directly on 
mounted or etched on the 
movable leg of the gage. 

Depth gages are made of several 
types of materials, the ultimate choice 
depending on the operating condi- 


a scale 
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Fig 2—PERMANENT installation of ohmmeter depth gage in manhole 


R-69 


tions. If gagings are to be made at 
several widely separated manholes, a 
portable gage constructed from alum- 
inum electrical conduits is most satis- 
factory. 

When many readings are. to be 
made at a single manhole, (especially 
if the sewer is large and the velocity 
of flow is high) a gage constructed 
of galvanized pipe and mounted di- 
rectly in the manhole is more 
venient to use than a portable gage, 
as in Fig. 2. When using a permanent 
setup, the depth is read on the staff 
gage mounted between the two sec- 
tions of pipe. 


Accuracy of the Method 


The accuracy of 
pends primarily 


con 


the method de- 
on the conditions 
under which the measurements are 
made and the care with which the 
measuring devices are manipulated. 
In a study at an industrial plant, cov- 
twelve 24-hour periods, the 
waste discharged from the plant as 
determined the ohmmeter tech 
nique was compared with the water 
pumped into the plant (corrected for 
\n average error of 


ering 


by 


5 per 
‘ent was observed. The maximum e1 
a 24-hour period was less than 


10 per cent 


le SSeS } 


ror for 


Limitations of the Technique 


The use of the ohmmeter technique 
is limited to channel conditions which 
permit the hydraulic radius to be com 
puted from the depth measurement. 
Non-junction manholes with a flow 
channel of the same shape and size 
as that of the approach sewer will 
generally meet the aforementioned 
qualification 

Velocities above about 10 feet per 
second cause splashing which affects 
the accuracy of the depth measure 
ment. This interference can be mini 
mized by reducing the sensitivity of 
the ohmmeter or shielding the 
movable conductor 

The depth of the manhole is also a 
limiting tactor more 


by 


gi 
than 20 feet in lenth are difficult to 
manipulate. 


because gages 
f 


Other Applications of Depth Gage 


The ohmmeter depth gage is well 
adapted to the measurement of the 
head on a weir. The gage is installed 
with the bottom of the conductors at 
the same elevation as the weir crest, 
and the ‘staff gage is zeroed for this 
condition. When the movable conduc 
tor is raised until it contacts the wa- 
ter surface, the ohmmeter needle de- 
flects and the depth or head reading 
is made directly on the staff gage. The 
locking clamp attached to the insula 
tor makes it possible to obtain a more 
precise depth reading. 
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Nomograph For Solving Manning’s Formula 


By PAUL McH. ALBERT 


Drury, McNamee and Porter, Engrs., Ann Arbor, Mich. 


HE accompanying nomographic chart presents a simple, tions may be rapidly tabulated. The effect of the coefficient “n” 
rapid, and practical means of solving Manning's Formula for on the other variables as determined from the nomograph is a 
the flow of water in pipes and open channels. valuable aid for the entire range is included. 

Snap analysis of problems involving this formula will be more For use in checking previous designs this chart will be found 
accurate and quicker when using this nomograph inasmuch as to be valuable and make possible rapid checks inasmuch as it 
mly two or three motions are required to arrive at an answer. covers a wide range of all the variables. Directions for using 

If the problem entails considerabl- study, many different solu- the nomograph are given in the key at the bottom of the chart. 
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Velocity and Discharge Diagram for Vitrified Clay Sewer Pipe 


(Courtesy, Clay Products Assn 


VELOC/TY AND 
DISCHARGE DIAGRAM 


MUTTER'S FORMA. n=.0M 
Q= DISCHARGE in cub: ft. per sec. 
"VELOCITY in lin’ ft. per sec 

Geo.C.D. Lenth 
Consulting Engineer, Chicago. 


ne 


a 


\ 


GRADIENT IN FEET PER HUNDRED FEET 
SeSe&ex 


oe 0" 78 
DIAMETER IN INCHES 


(Example: Assume 12 cu. ft. per sec. as the flow to be handled. The gradient for instance, to be a 0.2 ft. per 100 ft. run. Follow to 

right from gradient figure 0.20 on left until Q12 dotted line is intersected. The vertical line found at that point indicates that a 24 inch 

sewer is required. Also from the nearest velocity curve V.4 at the intersection it is revealed that the velocity will be 3.8 ft. at full or 
half full flow.) 
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FLOW TUBE 


For Accuracy in 
Metering 


*Gen-til'-ly 








The Gentile Flow Tube is an impact-type head meter 

designed for accurate measurement and regulation 

of fluid flow. It consists, essentially, of a short spool 

piece, the inner periphery of which is equipped with two groups of pres- 
sure nozzles, one group pointing upstream and the other downstream. 
The nozzle groups are inter-connected by common pressure rings from 
which connections are made to the high and low pressure sides respec- 
tively, of a conventional indicating, recording or integrating meter. Flow 
Tubes differ from other variable head meters in that the taps are located 
at points of equal cross-sectional area. Therefore, the differential devel- 
oped is a function of the velocity head and independent of the static head. 


Actual installation ofa 
16” Flow Tube for RE- 
VERSE FLOW. Note fit- 
tings (elbow and tee) are 
bolted directly to flanges 
of Flow Tube 


Flow Tubes are available in all commercial pipe sizes with welded, flanged, screwed, 
or other conventional pipe connections. Standard lining is bronze, but other mate- 
rials such as stainless steels are available 

Flow Tubes are used for the metering of raw water influent, plant effluent, filter 
effivent, filter wash water, and filter surface wash, as well as for shop tests of 
hydraulic equipment where accurate results are important. 

Flow Tubes can be furnished with or without suitable secondary indicating, recording, 
or totalizing instruments. 

Flow Tubes are manufactured exclusively by Foster Engineering Company. Write 
for your free Flow Tube Data File which gives full details. 


FOSTER ENGINEERING COMPANY 
827 Lehigh Ave., Union, N. J. 


LA “ 
~ G 


(sia Telephone Directory. 


Agents in Principal Cities. Consult your Classified 


aT OMAlic )§ 


VauyaS./ AUTOMATIC VALVES * CONTROL VALVES * SAFETY VALVES 
rar FLOW TUBES 
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This 78” Gentile Type D Flow Tube of welded steel! 
construction is only 78” face to face, and weighs 
only 8900 Ibs.—many feet shorter and several 
thousand pounds lighter than a conventional venturi. 


It is designed to handle 120 MGD of water ot 

60 PSIG and 68°F with a maximum head joss of 
12” H2O at these operating conditions, and with an 
accuracy within =1% of the calibration curve 
furnished with it . 


ADVANTAGES 


LOW HEAD LOSS — Flow Tubes can be 
designed with a D/d (main-to-throat) ratio 
to provide differentials that can be accu- 
rately measured with the least unrecovered 
head loss. 


ACCURACY — Flow Tubes are furnished 
with head-capacity curves based upon 
laboratory tests, and can therefore be 
guaranteed as to accuracy. 


COMPACTNESS — No expensive vaults 
or large areas needed, because Flow Tubes 
are short. They are only about 1 to 1% 
diameters long, depending upon the velocity 
in the main. 


EASY TO INSTALL — Can be installed with 
no straight run upstream or downstream, ex- 
cept when near valves or regulators. For more 
difficult arrangements, where extreme turbu- 
lence exists, tests may be run simulating actual 
conditions. 


FLEXIBILITY —Can be designed to handle 
high line velocities with low head loss and 
reasonably low meter differentials. And, 
they can be made to give a higher differen- 
tial for a given diameter ratio than certain 
other types of head meters. 


REVERSIBILITY — It's impossible to in- 
stall a Flow Tube backwards — upstream 
and downstream sections are identical. 
Where system calls for flow reversal, the 
meter can readily handle the changes. 


SIMPLE TO PURGE—where purging or back- 
flushing is a normal routine, the Gentile Flow. 
Tube can be arranged for constant or inter- 
mittent purging without removing from the 
line. 





INSTRUMENTATION AND CONTROL 


ee YNDARY instruments (or re- 
ceivers) are devices which convert 
information sensed by and transmit- 
ted from a primary measuring device 
into observable information. Controls 
are devices which will receive infor 
mation sensed by a primary unit and 
convert it into a control of some me 
chanical device, operation, or func- 
tion, such as pumping, chemical feed- 
ing, flow regulation, filter washing, 
etc. 

Secondary instruments (flow, level, 
pressure) are classified in two ways: 
[ype of information desired, and 
method of transmission from primary 
to secondary unit. There are three 
types of information obtainable from 
secondary instruments, and these are 
obtainable either separately or in any 
combination. They are: Indication at 
the moment (as flow rate, level, pres 
sure, temperature) ; totalizing over a 
period (flow); recording a drawn 
record on a continuous 
indication of flow, level, 
temperature and pressure. These sec- 
ondary instruments are called re 
spectively indicator, totalizer, and 
recorder. 


chart as 
rates of 


Transmission 


Secondary instruments are also 
classified according to method of 
transmission of information from pri- 
mary unit to instrument. 
mechanical, electrical, or pneumatic 
(Pressure is usually transmitted hy 
draulically. ) 

Mechanical meters are activated by 
float or directly by differential pres 
sure. Electrical transmission 
where the receiver cannot be located 
near the primary unit or for other 
reasons. Electrical transmissions may 
be Chronoflo (time-impulse type) or 
other variations, and is good for any 
distance. Pneumatic transmission, by 
a varying controlled air pressure 
ranging from 3 to 15 pounds, is use- 
ful at distances up to 1500 feet. It 
features a continuous signal and im- 
mediate responses 


‘| hese are 


is used 


Summation and Ratio Metering 


[wo or more flow rates of pumps, 
mains or filters added to 
gether to give a total of the combined 
flow on a single receiver. This addi 
tion is accomplished by means of a 
(electrical o1 
which receives the several sensed data 
and transmits the the 
vidual data. Ratio transmitters can be 


may be 
umimatot pneumatic ) 


sum of indi 


used to receive two different flows 
and calculate and transmit the ratio 
to a secondary instrument. This de- 
vice is used in activated sludge plants 
to determine and indicate or record 
the air/sewage ratio and the return 
sludge/sewage ratio 


Receivers 


In flow measurement, the flow 
varies as the square root of the head 
in the primary device. The receiver 
is designed to convert this informa- 
tion into the desired units. Charts or 
scales may be of the square root type 
with the divisions spaced according to 
the square of the unit. Readability is 
best at the high end of the scale 
Linear type receivers have scales and 
charts with divisions spaced equally. 
Accurate readability is obtainable at 
both ends of the scale 


Controls 


Flow measurement can be used to 
provide control of flows, chemical 
feeding, proportioning, pumping, 
sampling. Mechanical, electrical o1 
pneumatic can be used for 
control purposes. 

Filter effluent controllers are avail 
able in two designs, self-powered, di- 
rect-acting; and hydraulic cylinder 
operated. They are used to maintain 
a constant rate of filtering regardless 
of loss of head as filters become dirty. 
Wash water controllers are similar to 
filter effluent controllers and are used 
to control the rate of filter back 
washing. 

Auto-central control is a central- 
ized system which automatically con- 
trols the rewash cycle of filters in 
sequence and can be initiated manu- 
ally or by loss of head in the filters. 

Chemical feed can be paced pro 
portionally to flow at a fixed dosage 
rate, or by programmed schedule, or 
by timed-cycle. Sampling can like 
wise be controlled according to pro- 
portional flow, program, or time- 
cycle. Reservoir and elevated storage 
can be controlled by float or pressure 
sensing devices which control pump- 
ing. Distribution system flow can be 
controlled according to a combination 
of pressure and flow rate. (Pressure 
flo system. ) 


means 


Operating Tables and Panels 
al ) called 


may be mounted 


Secondary instruments, 


recel vers, or 


o res 
gauges, 


in several ways. Loss of head gauges 


rate of flow gauges, sand expansion 
gauges, and controls for filter opera- 
tions are usually placed in a filter 
operating table. Wash water, and 
summated flow gauges are often hung 
in the filter gallery. 

In centralized control, filter gauges, 
flow gauges, pressure gauges, and 
other types of receivers are placed in 
a single panel along with switches 
and controls, all of which may be 
located in the superintendent’s or op- 
erator’s office 

In sewage treatment works, flow 
measurement, disinfection, sludge 
measurement, sludge digestion pump 
ing and withdrawals, sludge dewater 
ing, elutriation, flow ratio-metering, 
and weighing of vacuum dewatered 
sludge all employ instrumentation and 
control. As in a water works, instru 
ments and controls are frequently 
located in centralized panels, either 
in the operator’s or superintendent’s 
office or some other central location. 

In both water and sewage works, 
centralized control reduces the work 
load on operating personnel, improves 
controls of operation and reduces op 


erating costs 


Selection of Instruments and Controls 


In the choice of secondary instru- 
ments there are a number of factors 
to be considered and many questions 
to be answered. In flow measurement, 
the type of primary device selected 
(weir, Parshall flume, Venturi tube, 
Dall flow tube, nozzle, orifice, etc.) 
dictates the method by which the sec 
ondary instrument or control is op- 
erated. The range of maximum to 
minimum flow must be known 

Accuracy depends not only on the 
primary device and the receiver but 
on the particular combination chosen. 
The relative location of primary de 
vice and secondary receiver has a 
bearing on the type of transmission 
used. 

Choice of secondary instruments 
depend also on type of information 
desired, capacity of present plant, 
future capacity, and life expectancy 
of the equipment. Choice of primary 
and secondary instruments also have 
a bearing on control systems selected 

Selection of control systems and 
depend on the function, 
operation to be 


, 
device 


equipment, O1 con 


trolled as well as the primary device 


instrument and system of 


control desired 


secondar \ 
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Maintenance of Filter Instruments 


Routine maintenance, part replacement and new equipment are required 


§ las first of the 80 filters of Chi 
ca South District Filtration 
Plant were placed in service February 
22, 1947. By May of 1947 all water 
leaving the plant was filtered. The 
last filter was placed in operation No- 
vember 13, 1947. These filters have 
operated continuously since that time 
except for the period from January 
18, 1952 through January 31, 1953 
when, for the purpose of obtaining 
data pertaining to high rate filtration, 
only 50 filters were used. During this 
particular period, 12 fixed rate filters 
were kept in continuous operation and 
the remaining 68 filters were rotated 
in and out of service to divide the time 
in service equally 

Over this 7-year period a certain 
maintenance work 
to keep the instru- 
ments and appurtenances connected 
to the filters in operation. The largest 
manhours of work has 
routine mainte- 
nance, such as packing and adjusting 


amount of has 


been nec essary 


number of 
been expended on 


sealing glands, cleaning screens and 
filters, and lubrication. The next larg- 
est expenditure of manhours has been 
in replacing worn or defective units 
or parts of units. In addition, several 
have been in 


amount of 


pieces of 
stalled to 
maintenance work. 


equipment 
minimize the 


Soft Water Not Needed 


Some equipment of this type was 
with the original equip 
plant. Water soft 
eners installed on the low 
pressure hydraulic lines which operate 
controllers. The first 
softeners were of insufficient capacity 
and were replaced by larger softeners 
Che latter gave trouble by passing salt 
into the discharge, causing the pilot 
valves on the rate controllers to clog 
Use of the softeners was discontinued 
in 1950, and ordinary process water 
has been used up to the present time 
without difficulty 


installed 
ment in the 


were 


the filter rate 
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rago's South District 
by TIMOTHY D. NULTY 
emtcsl Eantnner fuses i Water 


Removing Air from Oil 

\nother piece of equipment that 
has given trouble is the electrodryers 
located on the +6 floor on the west 
side of the filter building. The pur- 
pose of these electrodryers is to re- 
move oil and moisture from the com- 
pressed air used for the operation of 
the instruments connected to the fil- 
ters. It is necessary to remove the oil 
from the air for it tends to collect at 
the various tiny needle and ball check 
valves located at several points in the 
system and render them inoperative. 

At the east end of each filter gal- 
lery a cellulose filter was added to the 
air supply line to aid the electrodryers. 
Even after this addition was made, 
some oil and moisture managed to 
pass, requiring still another electro- 
dryer unit (an Electro-Filter), which 
was installed recently. (See Fig. 1) 
The air supply to the instruments now 
seems to be reasonably free of oil and 
moisture 


An Emergency Air Supply 


In the early days of operation there 


Water 


Filtration Plant 


were occasional failures in the air 
supply to the filter controls. (The air 
is drawn from the plant air-system, 
supplied from compressors in the 
boiler room.) The automatic filter 
rate controllers depend on the back- 
pressure in the air system to maintain 
the required filter rate. When this 
back-pressure drops to zero, these 
rate controllers operate to their maxi- 
mum capacity and cause danger of 
overflowing the filtered water reser- 
voirs. 

In the first effort to overcome this 
hazard, air-storage tanks capable of 
supplying the needed pressure for 
three hours were installed in each fil- 
ter gallery. Between each tank and 
the air supply system, check valves 
were installed. Should the air pres- 
sure fail, the tank supplies air until 
the system is again placed in normal 
service. The tank air pressure is at 
100 Ib. per sq. in. This is first reduced 
to 18 Ibs., and then to 3 Ibs. for appli- 
cation to the filter controls. 

As a secondary safeguard, dia- 
phragm valves, counter-weighted and 


Fig. |—OIL-FREE-AIR to operate instruments 


n of additional 


Electro-Filter and Electro 

















SKETCH illustrating original construction of 
copper high pressure water manifold 


with the spring tension set to close 
at 10-12 lbs., were installed between 
the 18 lbs. and 3 Ib. pressure reduc- 
ing valves in each gallery. Should the 
air pressure drop below the set point, 
the diaphragm valves close, locking 
the automatic rate controllers at the 
rate then prevailing. These diaphragm 
valves are carefully checked once each 
shift so as to be sure they are in an 
operable condition. 


Filter Gallery Dehumidification 


In addition to the original equip 
ment, whose prime purpose was to 
minimize maintenance, more equip 
ment has been added over the period 
of 7 years for the same purpose. The 
most extensive of these additions are 
the 3 Kathabar units used for the de- 
humidification of the filter galleries 
and the west pump room. Two previ- 
ous articles in the Bureau’s monthly 
“Pure Water” publication, “Dehumid- 
ification of Pipe Galleries at the South 
District Filtration Plant” by Mr. 
F. G. Gordon (July, 1951), and “De- 
humidification at the South District 
Filtration Plant” by Mr. Arthur Hor- 
witz (October, 1951), cover this sub 
ject very thoroughly. 


Leaks in High Pressure Lines 


The large filter valves are operated 
by high pressure hydraulic water 
which is controlled by means of 4-way 
valves in the filter operating table lo 
cated on the gallery side of the filter 
on the operating floor. Each filter 
table contains five 4-way valves which 
are connected to a supply and a dis- 
charge manifold. Some troubles have 
been encountered with the 4-way 
val¥es leaking and sticking, but most 
of the time the trouble has been reme 
died by cleaning the old lubricant 
from the valve and relubricating. 

The most serious trouble in this 
particular part of the filter appurte- 
nances has been with the hydraulic 
water manifolds developing leaks. The 
original copper manifolds were made 
as shown in sketch “A.” Due to the 
fact that these manifolds were made 
in one piece, when a leak occurs, it 
is necessary to remove the entire 
manifold to repair it. This old type 
manifold is now being replaced by 
one made up of several small pieces 
of round copper tubing with soldered 
fittings. 
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The new type manifold has 2 ad 
vantages over the older type: (1) 
when a leak develops only that portion 
of the manifold having the defect 
must be removed and replaced. (2) 
the location of the new manifold in 
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tubing with soldered fittings 





MANOMETER CART 


te controller valve, and manometer cart 


slit 


rat 


the filter table permits work to be 
done on the 4-way valves more easily 
\s of the writing of this report, 31 
new type manifolds (See Fig. 2) have 
been installed. As more old manifolds 
develop leaks they will be replaced 
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Globe Valves Replace Gates 


installation, the 
had a 


under 


On the original 
hydraulic water supply 
l 2-7" shutoff valve, 
the filter 
with 


lines 
located 
which 
a small hand wheel. 


tables, was a gate 


Lhis 


unsatis- 


valve 
found to be very 
that the 135 Ib 
on this line was causing 
drawing on the 
seats and discs and in addition the 
operators were having trouble opening 
and closing the valves due to the size 
of the handwheel. All 80 of these 
valves have been replaced by globe 


large handwheels which 


valve 
factory in 
maxXimum } 


was 
pressure 
y aly e 


severe wire 


valves with 
seem to be functioning properly 


left side of Cabinet in Fig. 2) 


( See 


Filter Control Diaphragm Corrosion 


Each filter is equipped with a dia 
phragm operated pendulum unit which 
governs the position of the butterfly 
rate controller 
prevalent source of trouble in the unit 
is with the diaphragm rupturing. To 
date, 33 diaphragms have been re 
placed in the pendulum units. One oth 
er trouble encountered in these units is 
with the small pilot valve sticking 
However, this trouble is easily 
remedied by cleaning the plunger rod 

he water supply to this unit and 
the discharge to the rate controller 
must pass through strainers. These 
strainers must be cleaned periodically 


ve in the Che most 


very 


to maintain proper operation of the 


unit. lo prevent corrosion 
of the bottom side of the diaphragm 
these units are being raised 
ately 2-in. off the floor by 


Chis work is being 


excessive 


chamber, 
approxin 
extending the legs 
done when a diaphragm is replaced, 
and to date 33 of the units have been 


5) 


Low Rate Filter Operation 


[wo adjustments on these pendu 
have been found to 
better operation As frst installed, 
there was a tendency for the auto 
matic filters to shut off entirely when 
the demand rate dropped below 2.5 
mgd per filter. By adjusting the long 
connecting rod between the dia 
phragm and the bellows to its full ef 
fective length, these filters now con 


lum units give 


tinue to ope rate at rates as low as 


1.3 mgd. The second adjustment was 
nsion applied to the dia 

was formerly set with 

ller manually fixed at 

what is called locally 

Zero.’ This means the rate 

n showing “zero” could 
against the zero pin 
with some w still occurring. By ad 
justing the tension with the rate con 
troller set manually at 3 mgd a “Float 
ing Zero” is obtained. With this 


controller whe 


just be locked 
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Fig. 4—AIR FLOW INDICATOR panel recording flow summator and master controls 
for automatic filters 


rate controller 
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iow. 


adjustment when the 
indicated zero there is no f 


Maintenance of Instruments 


Che last equipment to be dealt with 
in this report are the filter instru- 
ments. Each of the 80 filters is 
equipped with a transmitter and a re 
ceiver for the loss of head, the rate 
of flow and the sand expansion 
gauges. The rate of flow and loss of 
head transmitters receive two differ- 
ent water pressures and transforms 
the difference in these two pressures 
to-air pressure which in turn is trans- 
mitted to the receivers. The sand ex- 
pansion transmitter receives a dif 
ferential air pressure which is trans- 
mitted to the receiver. One can readily 
understand the necessity of a continu- 
ous supply of clean, dry air which 
was mentioned previously 

Che rate of flow and loss of head 
transmitters (See Fig. 3) have re- 
quired more maintenance, other than 
routine maintenance, in that some of 
the Lucite mercury wells have de 
veloped cracks due to thermal ex- 
pansion and contraction, causing loss 
of mercury, thereby delivering in- 
correct results to the receiver charts. 
As these wells develop cracks, they 
are replaced by wells of a new design 
which so far have not shown any evi- 
dence of cracking. To date, 18 of these 
wells have been replaced and it is ex- 
pected that all 160 will have to be 
replaced within the next few years. 

Another part that is beginning to 
require replacement is the small dia- 
phragm which operates the transmit- 
ter. After 7 years of operation they 
are beginning to rupture. Approxi- 
mately 10 diaphragms have been re 
placed thus far. 


Calibration Manometers Are Portable 


For routine calibration of the rate 
of flow and loss of head instruments 
a series of manometers have been in- 
stalled on a cart for mobility. (See 
Fig. 3) The manometers are valuable 
in checking the rate of flow and loss 
of head recorders. 

In addition to the individual filter 
instruments, there are flow summators 
which indicate and record the flow 
through 40 filters. Each gallery also 
has its own backwash water rate of 
flow indicator and recorders as well 
as a rate of flow indicator and re- 
corder for the surface wash water 
hese last mentioned instruments re- 
quire very little maintenance, but oc- 
casionally a diaphragm or a cracked 
mercury well must be replaced. Figure 
4 shows air flow indicator, recording 
flow summator (for 2 galleries) and 
master controls for automatic filters. 


Multiply Replacements by Eighty! 


This report does not mention parts 
of the filter such as the sand+ and 
gravel bed, the under drainage system, 
the surface wash system, the wash 
water troughs or the five large gate 
valves. It has been the aim of the 
writer to point out the exceptional 
problem of maintenance work over 
and above normal maintenance which 
has been, and still is necessary where 
such a large number of filters are be- 
ing operated. No matter what part is 
found defective, one can multiply the 
number of manhours necessary for 
one such replacement by 80. 

The writer wishes to extend a note 
of thanks to Filtration Engineer, Mr. 
Carl Chevedden, who was of great 
help in the preparation of this report. 
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Taller & Cooper Remote and Local Con- 
trol Systems are designed to offer in- 
stantaneous confirmation of an unlimited 
amount of executed plant operations. 
Not only for water supply, but also for 
chemical and material supply systems 

in industry, Taller & Cooper systems ful- 
fill the need for accurate monitoring, 
control and centralized information 
concerning feed and flow installations 
actuated from a central office, or 
operated locally, manually. 
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Remote Control in Water 


D' RING the past several years 
the terms “supervisory control” 
and “telemetering” have been heard 
more and more frequently in the wa- 
ter works field. Supervisory control 
is the control of equipment at a dis- 
tance and the supervision, by means 
of signals, of the status of this equip- 
ment 

Supervisory control and telemeter- 
ing were first used on a limited scale 
by the electric utility industry in the 
late 1920's. Since World War II this 
industry has made extensive use of 
such equipment, and most sizable util- 
ity systems have some in service. At 
present there are several water sys- 
tems using supervisory control and 
telemetering. Operations usually per- 
formed by supervisory control include 
the starting and stopping of pumps 
and the opening and closing of valves. 
Operations performed by telemeter- 
ing include remote meter readings of 
tank or reservoir levels, pressure, and 
flow. Both supervisory control and 
telemetering can be used to control 
various pump programing schedules. 


Reasons for Use 

There are three principal reasons 
why there is such an increasing inter- 
est in these two items by water works 
engineers. The first, and perhaps 
most important, cause is the increas- 
ing cost of labor at pumping stations 
and similar installations. The labor 
costs of manning a station for 1-2 
years will usually pay for sufficient 
supervisory control and telemetering 
to eliminate manual operation of such 
a plant 

A second reason for the trend to- 
ward this type of equipment is im- 
provement in service. Where two or 
more plants have to be coordinated 
for proper operation of the system, 
this can usually be done better by 
centralized control under one opera- 
tor. With such a system the central 
operator has complete facilities to per- 
form any necessary operations at re- 
mote locations and has adequate in- 
formation on what every unit in each 
remote station is doing. 

A third reason for the growing use 
of this type of equipment is labor un- 
reliability. During periods of labor 
* Reprinted from June AWWA Vol. 47, 


p. 433 (1955), by permission. 
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E. WYLIE HEAD 


Sales Mar., Control Corp., Minneapolis, Minn. 


unrest, it may be unwise to depend 
upon local operators at the various 
plants comprising a system. Opera- 
tors employéd at a centralized dis- 
patching location, however, are gen- 
erally not affected by labor disturb- 
ances. 

There are several factors to be con- 
sidered in designing supervisory con- 
trol, the most important one being 
reliability. It goes without saying that 
the components used in the equip- 
ment should provide a reasonable pe- 
riod of trouble-free operation. Aside 
from this, the most important consid- 
eration is the protection provided by 
the equipment against operation by 
signals that do not originate in sup- 
ervisory control mechanisms. Exam- 
amples of such signals would be those 
caused by cross talk, switching sur- 
ges, lightning. The equipment can 
reasonably be expected to encounter 
some types of spurious signals dur- 
ing its life. The improper operation 
caused by such signals would be at 
least annoying and could be disas- 
trous in basic pumping stations. 


Types of Supervisory Control 
During the last 20 years, two pri- 
mary types of supervisory control 
equipment have been evolved by three 
different manufacturers. The older 
of these types is known as “impluse” 
supervisory control. In this system, 
all operations, both remote control 
and supervision, have signals in the 
form of short electrical pulses, some- 


Systems” 


what similar to those obtained in tele- 
phone dialing. If it is desired to op- 
erate remote equipment, a button is 
pushed which transmits a certain 
combination of these pulses to the re- 
mote location. The manufacturers of 
this type of equipment recognize that 
a short pulse of electrical energy can 
be easily duplicated from external 
sources, and it is required that the re- 
mote-location equipment transmit an 
equivalent grouping of pulses back 
to the originating or controlling sta- 
tion. If the combination of pulses 
coming back agrees with the one go- 
ing out, the operator is allowed to 
transmit and operate a signal com- 
posed of a short grouping of im- 
pulses. This system, known as a 
“checkback,” is a necessary part of 
any impulse system to provide mini- 
mum protection against spurious sig- 
nals. 

In place of control impulses easily 
duplicated from other sources, a sys- 
tem composed of a sequence or com- 
bination of audio-frequency tones has 
been evolved. In place of using the 
one checkback feature of the impulse 
system, automatic checking of the 
signal is provided at the remote loca- 
tion as it is received, with six dif- 
ferent checks necessary before an op- 
eration is allowed to take place. In 
this “audiosequence” type of super- 
visory control, all remote control sig- 
nals are composed of a minimum of 
three (usually four) audio frequen- 
cies transmitted one at a time in a 
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Fig. |. Instllation at Lake Forest, Ill. 


A single pair of leased telephone wires serves for telemetering, controlling, 
and telephoning. 





definite sequence. The resulting op- 
eration depends only upon the se- 
quence or order in which the tones 
are transmitted. Audio-frequency 
tones usually used for remote control 
are 210, 310, 350, 390, and 430 cy- 
cles. As this combination of audio- 
frequency tones is received at the 
remote location, the six checks previ- 
ously mentioned are imposed. The 
first check measures the number of 
audio frequencies and requires that 
this number b ecorrect before an op- 
eration is allowed to take place. In 
place of a random electrical impulse, 
the frequencies must be correct with- 
in 3—4 cycles or no operation is al- 
lowed to take place. The frequencies 
must arrive in a definite, restrictive 
sequence that corresponds to preset 
combinations. No operation is al- 
lowed to take place if two frequen- 
cies come in simultaneously, and the 
interval between frequencies must 
not exceed a predetermined limit. In 
addition, no frequency can immedi- 
ately follow itself. 

In considering the various possi- 
bilities for spurious signals that might 
be encountered during the life of the 
equipment, it can be readily seen that 
the six checks effectively rule out any 
chance of incorrect operation. The 
audio-sequence system allows gener- 
ally faster operation than can be ob- 
tained with the impulse system. Wide 
use throughout the United States, 
Canada, and Mexico attests to audio 
sequence reliability. 

Forms of Equipment 

Supervisory control equipment can 
be in many patterns and operate over 
several different types of channels. 
The controlling-or dispatching-sta 
tion equipment can take the form of 
a switchgear type of cubicle, a wall 
mounted cabinet, a desk, a bench- 
board, a system diagram on a large 
panel, or various other aspects that 
might be most suited to a particular 
application. In general, the equipment 
at the controlled end is housed in cab 
inets or cubicles of various sizes and 
styles. The panel at the controlling 
location is usually composed of a 
group of bakelite rectangles known 
escutcheons. An escutcheon provided 
for each piece of remote equipment 
being controlled or supervised com- 
prises three lamps to show the status 
of the equipment, an operation selec- 
tor switch, and an operating-lever 
key. In some cases this lever key 
takes the form of a push button. If 
telemetering is associated with the 
equipment, the appropriate indicating 
or recording meters are placed above 
or below the control panel. 

Telemetering, if used, takes one of 
two forms. The telemetered measure- 
ment value can be brought in con- 


tinuously and usually will operate a 
recording instrument. Where the 
readings may not be required con- 
tinuously, the supervisory control 
equipment will select any desired 
measurement and bring it in as re- 
quired. Almost any number of such 
selections can be made, one reading 
at a time being brought in to appear 
usually onan indicator. The channel 
connecting the central controlling lo- 
cation with the one or more remote 
stations can take several forms. Often 
this is a pair of telephone wires, either 
leased or owned by the user. The 
wires can be one of several pairs in 
a telephone cable or can be a pair of 
open telephone wires. Microwave 
radio is now being used more often 
as a connecting channel. It is gen- 
erally possible to control almost any 
number of operations in one or more 
plants over one pair of wires or chan- 
nel. In addition, it is possible to bring 
back a large number of lamp indica- 
tions from remote locations, as well 
as a large number of telemeter read- 
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torl of water systems are described 
in the remaining part of this paper. 
The first of these is used by the city 
of Lake Forest, Ill., and was installed 
in 1951. Figure 1 is a diagram of the 
system. The controlling-station equip- 
ment is mounted in an older pump- 
ing station, and it is used to control 
three pumps and one altitude valve in 
a new booster pumping station over 
a pair of leased wires. Water to the 
booster pumping station is from a 
nearby reservoir. Water level meas- 
urements are transmitted over the 
same pair of wires used for control. 
From the booster pumping station 
itself are telemetered one pressure 
and one flow value. Telephone cur- 
rents are also sent over the same pair 
of wires. The supervisory control 
equipment is so arranged that at a 
later date automatic pump program- 
ming may be incorporated. 

Another installation is at Aber- 
deen, S.D., also set up in 1951. This 
involves a central controlling point 
located at the city hall. Water level 
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Fig. 2. Installation at Aberdeen, S.D. 


ings, over the same pair used for re- 
mote control of the station or sta- 
tions. In addition to supervisory con- 
trol and telemetering signals on a 
pair of wires, it is fairly common to 
have this same pair also used for tele- 
phone. 

The possibilities involved in the use 
of supervisory control and telemeter- 
ing are many and varied. In general, 
standard, proved circuits and com- 
ponents are used to build equipment 
to the specific requirements of each 
user. 


Four Specific Installations 


Four applications of supervisory 
control and telemetering to the con 


ce the status 


desired 


t every part of the system and 


peration. 


information from an elevated tank 
is telemetered into the city hall and 
then to the booster pumping station. 
The operator at the city hall has a 
reading in front of him at all times 
showing the water level in the ele- 
vated tank, as well as water level in 
an underground reservoir, where a 
reading is sent over a separate pair 
of wires to the filter plant. The oper- 
ator also has a telemetering instru- 
ment giving him the flow rate at all 
times from the booster pumping sta- 
tion. The elevated-tank water level 
information which is brought into the 
city hall and extended to the booster 
pumping station is used to control 
an automatic pump-programming 
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unit. The appropriate pumps are op- 
erated in accordance with water 
level in the elevated tank. The oper- 
ator sees which pumps are running 
at all times by means of lamps on the 
control panel. He has the option at 
any time of taking control away from 
the automatic programming equip- 
ment and directly operating any or 
all pumps by supervisory control. 
Figure 2 illustrates the layout of the 
various elements in this waterworks 
system 

The third installation is used by the 
Dallas County Park Cities Water 
Control and Improvement District 
No. 2, and is located near Dallas, 
Tex. The controlling station is in a 
section of the treatment plant. On the 
operator’s control and supervision 
desk are provided control escutcheons 
for three stages each of four differ- 
ent pumps in the treatment plant. The 
meter panel also shows data for the 
treatment plant: raw-water flow, 
clear-well level, treated-water flow, 
treated-water discharge pressure, and 


raw-water pump well level. 

Water level information from four 
different elevated tanks is telemetered 
to the controlling operator, as well as 
flow data from the meter station. The 
operator has direct control of four 
different pumps in a booster station 
and knows at all times which pumps 
are running and which are not. As 
in all supervisory control, ‘any shut- 
down of a pump by the protective 
equipment will immediately notify 
the operator by means of an audible 
alarm and a change in lamps which 
calls attention to the actual unit that 
has changed its condition. Figure 3 
illustrates the layout. 

The fourth water works system is 
that of Fort Lauderdale, Fla. The 
project there involves a telemetering 
of water level from five different 
tanks, located adjacent to the central- 
dispatching station, to each of two 
pumping plants. At each plant re- 
cording instruments provide a con- 
tinuous record of the water level in 
the tanks. From the central-dispatch- 
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Fig. 3. Installation Near Dallas, Tex. 


pliant re 


substantial savings in mang 


ing station, line pressure values are 
continuously telemetered. In addition 
to the direct recording of the pres- 
sure at each plant, this value is tele- 
metered to the other plant and the 
central-dispatching station. at one 
plant automatic control of pumps is 
achieved by telemetered water level 
indications. From a fourth location 
water level information in the tank is 
telemetered to one of the pumping 
plants and used to operate super- 
visory control equipment which con- 
trols pumps in a well field located 
elsewhere. The seven values tele- 
metered to each of the two pumping 
plants are all carried over one com- 
mon pair of wires. In no case is more 
than a single pair of wires used ex- 
cept for the control and supervision 
functions connecting the well pumps 
in the field to the well field super- 
visory control cabinet. 


Conclusion 


From the few applications de- 
scribed, it may be seen that super- 
visory control and telemetering can 
be combined and applied in a_ wide 
variety of ways. In each case the 
application of this equipment has 
resulted in important savings in man 
power and has contributed greatly 
to better and more efficient opera- 
tion of each of the water works sys- 
tems. The elmination of operators at 
a normally attended station, or the 
elimination of the need periodically 
to send operators into a station, can 
result in substantial savings in man 
power costs. Use of supervisory con- 
trol and telemetering, in combination 
with automatic equipment where 
needed, can result in much more effi- 
cient operation of any water works 
system. 
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the key to complete control... CONTROL CORPORATION 


More and more cities across the nation are 
installing centralized control systems to regu- 
late their waterworks. By centralizing control 
of pumps, valves and other equipment in a 
central operator, through the use of super- 
visory control and telemetering, a large 
amount of equipment can be controlled and 
supervised by a small number of people. 
Efficiency is increased, costs are reduced and 
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in supervisory control and telemetering for 
twenty years. Put these many years of spe- 
cialized experience to work on your water- 
works and sewage problems. No system is 
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engineers will be glad to make engineering 
recommendations and give you price estimates. 
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Ferri-Floc gives smoother, more efficient and trouble free coagulation. Whatever your 
particular water treatment problem may be, you can depend on Ferri-Floc doing a more 
than adequate job and doing it efficiently and economically — Ferri Floc is a free flowing 
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send us a postal card. 





617-29 Grant Building, Atlanta, Georgia 
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CHEMICAL HANDLING AND FEEDING 


| he THE FIELD of water purification and sewage treat- 
ment, there are a number of treatment processes which 
involve the use of chemicals. Therefore handling and 
feeding of chemicals is an important subject to the 
water or sewage plant operator. The following outline 


I. . Chemicals 
A. Shipping Data 

1. Available Forms 

2. Containers and Shipping Requirements 
a. Dry Chemicals 
b. Liquids and Solutions 
c. Gases 

Characteristics 

1. Appearances and Properties 

2. Bulk Density 

3. Commercial Strength 

4. Solubility 

Unloading and Storage 

1. Dry Bulk Chemicals 

2. Packaged: Dry Chemicals 

3. Liquids and Solutions 

4. Liquefied Gas 

Handling 

1. Materials for Handling 

2. Transfer to Feeders 

Safety 

1. Non-toxic Chemicals 

2. Toxic Chemicals 

3. Corrosive Chemicals 

4. Other Hazards 

Types of Control 

1. Manual 

2. Semi-automatic 

3. Programmed 

4 Proportional 

) 


Automatic 


Chemical Feeders 
lypes of Feeders 
1. Volumetric 
a. Oscillating Plate 
b. Oscillating Throat 
c. Rotating Disc 
d. Star 
e Screw 
f. Ribbon 
g. Vibrating 
h. Miscellaneous 
Gravimetric 
a. Continuous 
b. Semi-continuous 


c. Loss-in-weight 


covers the subject and the wide range of phases it em- 
braces. In addition to articles which appear in this 
section, the reader is referred to the publication of chem 
ical companies and chemical feeder manufacturers for 
bulletins on specific chemicals and equipment. 


3. Solution 
a. Non-positive displacement 
(1) Decanter 
(2) Orifice 
(3) Rotameter 
(4) Crystal Solution 
Positive Displacement 
(1) Rotating Dipper 
(2) Proportioning Pumps 
4. Gas 
Accessories 
Hopper Agitators 
Dissolving Chambers 


1, 
? 
? 

0. 


Bucket Elevators 

4. Dust Collectors 

5. Instruments and Control 
Preventive Maintenance 

l. Tools 

2. Spare Parts 

3. Lubrication 

4. Records 


5. Repair 


lil. . Chemical Feeding 
A. Definitions 
1. Dosage 
2. Feed Rate 
3. Solution Strength 
Treatment Processes 
1. Water 
a. Coagulation 
b. Disinfection 
c. Fluoridation 
d. Softening 
e. Taste and Control 
f. Miscellaneous 
Sewage 
a. Coagulation 
b. Disinfection 
c. Odor Control 
d. B.O.D. Reduction 
e. Sludge Dewatering 
Control 
1. Chemical Analysis 
2. Instrumentation 
3. Problems 
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Guides for Selecting Chemical Feeders 


A! some time in his career, nearly 
every waterworks operator is 
faced with the problem of designing 
a chemical feeder installation, and of 
selecting and purchasing the equip- 
ment. The final success of the feeder 
installation depends largely upon 
the thought and study given to the 
problem before equipment pur- 
chased. 

The science of handling and pro- 
portioning chemicals for water treat- 
ment has advanced to the point where 
standard equipment is available from 
several manufacturers for solving 
practically any feeding problem. The 
choice or selection of chemical feeding 
equipment to fit a particular situation 
iikewise can be standardized within 
certain limits, and it has been possible 
to develop guides for the selection of 
this equipment. 

Once the water treatment process 
to be used has been decided on with 
competent technical advice from the 
consultant, it is time to select chemi- 
cal feeding equipment. Such advice 
should include a decision as to the 
chemical to be used, whether it will be 
fed in dry or liquid form, the point 
of application, and due consideration 
of availability, cost, quantities to be 
handled, solubility and stability of 
the chemicals which can be used. 

Chis paper deals with guides for 
the selection of dry chemical feeding 
equipment. A future paper will deal 
with liquid feeding equipment. There 
are eight principal guides for selecting 
dry chemical feeding equipment. 


is 


FEEDER HOPPER 
FEEDING MECHANISM 


RATE ADJUSTMENT 


VARIABLE SPEED 
TRANSMISSION 


WATER SUPPLY 


SOLUTION 
OUTLET 








DIBSOLVING 
CHAMBER 








By PAUL A. COFFMAN, JR. 


Chief Engr., Omega Machine Co., Pr 


vidence, R. l. 


Guides for Selecting 
Dry Chemical Feeding 
Equipment 
1. Define 
Operational Requirements 
2. Determine 
Storage Capacity Required 
3. Choose 
Best Available Location 
4. Choose 
Type of Installation 
5. Choose 
Type of Feeder Preferred 
6. Select 
Accessories Desired 
7. Furnish 
Information for Manufacturers 


8. Evaluate 
Proposals Submitted 


Guide No. I-— 
Define Operational Requirements 

1. Determine the feed rate require- 
ments for the installation. It is im- 
portant to give careful consideration 
to the actual maximum and minimum 
rates of feed required. If minimum 
and maximum rates required are not 
carefully determined, equipment man- 
ufacturers may be forced to offer 
larger or more expensive equipment 
than is actually needed for the job. 

2. Decide on the degree of accuracy 
required. If the process is critical 
and chemical feeding must be precise, 
a per cent plus or minus tolerance is 


probably all that can be allowed and 
gravimetric feeders must be used. On 
the other hand, if the chemical treat- 
ment required can vary some, with- 
out seriously affecting the process and 
a considerable retention period is 
available for ironing out variation in 
dosage, then a feeding accuracy vary- 
ing from three to five per cent from 
the selected feed rates may be satis- 
factory, and volumetric feeders can 
be used. 

3. Decide on the records which 
will be required for this process. If 
it is desirable to have totalizers and 
recorders, then gravimetric feeders 
should be specified. A log sheet record 
can be had with volumetric feeders 
provided they are installed on plat- 
form scales. If no scales are fur- 
nished, then the only reliable record 
will be an accurate count of bags of 
material used on a daily basis. For 
very low feed rate installations, the 
bag count method will not be satis- 
factory because only one or two bags 
of chemical will be used in a twenty- 
four hour period. 

4. Decide on the type of controls 
required for the installation. This 
includes a decision on whether the 
equipment will be manually controlled 
or automatic. If the rate of flow 
through the water plant varies consid- 
erably, then proportional pacing may 
be required. If the feeder installation 
is for a well station, automatic start- 
stop control in parallel with pumps 
may be desirable. For some installa- 
tions where the feeder is to be in- 
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Fig. 2—Two floor feeder installation 
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Fig. 3—Mechanical loading installation 


High teed rate—larae h pper 
stalled in a rather isolated location or 
where manpower is limited, remote 
control of the feeding equipment may 


be an economic necessity. 


Guide No. Il 
Determine Storage Capacity Required 


1. Storage in a chemical feeder in- 
stallation is an important considera- 
tion from the standpoint of labor 
saving and purchase of chemicals in 
economical quantities. All feeders 
should have an initial hopper capacity, 
equivalent to not less than four nor 
more than twenty-four hour storage 
when feeding at the maximum re- 
quired rate of feed. If manpower 
for dumping chemicals is available on 
all three shifts, then four to eight 
hours capacity will be satisfactory ; 
otherwise, provide capacity for 
twenty-four hour operation. 

2. Bag or bulk storage capacity 
must be determined on the basis of 
economical purchase and transporta- 
tion quantities, and time required for 
delivery from suppliers. Sixty to 
ninety days’ supply is the usual bag 
or bulk storage requirement. If the 
chemical is to be stored in bags, due 
consideration must be given to the 
floor space required for such storage 
and means for handling the bags in 
the most economical manner. 


All bag chemicals should be stored 
on pallets to keep them dry and the 
chemical storage space should be well 
ventilated to prevent chemicals from 
absorbing moisture during storage 
and becoming difficult, if not impos- 
sible, to feed satisfactorily in dry 
feeders. If more than a few bags 
of chemical per day are to be han- 
dled, it may be economical to provide 
lift trucks for transporting the pallets 
of bagged chemical from one feeder 
installation to another. 


capacity. 


rk 


3. When the chemical is to be 
stored in bulk, bins must be large 
enough to hold at least one and one- 
half times the normal shipping quan- 
tity. If the water plant is a great 
distance from the source of supply, 
there is a chance of delay in transit 
and additional storage capacity should 
be provided, so there will be no dan- 
ger of the plant running out of chem- 
ical between shipments. The usual 
ptactice is to provide a minimum of 
from one and one-half to two car- 
load storage capacity when chemical 
is purchased in bulk. 


Guide No. Ill 
Choose Best Available Location 

1. The hydraulics cf a chemical 
feeder installation should be studied 
very carefully before selection and 
purchase of equipment and solution 
lines. Whenever possible, choose a lo- 
cation that will permit the dry chem- 
ical to flow entirely by gravity from 
the storage level to the feeder and 
dissolving chamber, then by gravity 
from the solution chamber to the 
point of application. Such accessories 
as conveyors, pumps and ejectors 
should be eliminated if possible. 

2. If a location is not available 
with these ideal conditions, then 
choose the location that will require 
as little pump or ejector head as pos- 
sible. This is particularly important 
in the feeding of alkaline chemicals 
when hard water is used in the dis- 
solving chamber. Pumps and ejec- 
tors on chemical solution lines always 
require frequent cleaning and servic- 
ing and their use should be avoided 
whenever possible. 


Guide No. IV 
Choose Type of Installation 


There are four basic types of dry 
chemical feeder installations: 


sh feed rate—st 


Fig. 4—Bulk storage feeder installation 


rage in vernead bdINs 


1. Small Unit Feeder (Fig. 1) 
used when a very low feed rate and 
small chemical storage capacity is 
required. The principal parts are: 
feeder hopper, feeding mechanisms, 
means for feed rate adjustment, vari- 
able speed transmission or equivalent, 
water supply for mixing jets in dis- 
solving chamber, dissolving chamber 
sized for adequate detention of the 
chemical being fed, and platform 
scales for an accurate check on the 
performance of the equipment. 

2. Two-floor Installations (Fig. 2) 
used for low or high feed rate with 
bin storage on the second floor. This 
installation contains the same essen- 
tial parts as the small unit feeder 
installation plus an extension hopper 
for additional storage capacity. This 
type of installation has the advantage 
that all chemical is handled in a sepa- 
rate room on the second floor—thus 
confining to the chemical storage 
room, dust and dirt incident to han 
dling bagged chemicals. An ideal re- 
finement, highly desirable but not ab- 
solutely essential, is a dust collector 
installed on the extension hopper at 
the second floor level to eliminate 
dust in the chemical storage room 
while loading the hopper. 

3. Mechanical Loading Installation 
(Fig. 3) used when the feed rate is 
high and large hopper capacity is re- 
quired with bag storage on the first 
floor. Here again, the essential parts 
of the chemical feeder installation are 
included plus an extension hopper, 
bucket elevator and dust collector. 
This type of installation.is frequent- 
ly used when new and larger capacity 
equipment is installed in an existing 
chemical building. It is also used for 
new installations with adequate floor 
space available on one floor for the 
equipment and chemical storage 
(Considerable savings can sometimes 
1956 
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be realized by eleminating the sec- 
ond floor of the chemical building. ) 


+. Bulk Storage Bin Installation 
(Fig. 4) used for high or low feed 
rate requirements where chemical is 
purchased in bulk, usually truckload 
or carload quantities, and stored in 
overhead bins. This type of installa- 
tion is used mostly by large plants 
where it is economical to purchase 
chemicals in carload quantities 


Chese storage bins are usually con 
structed of concrete or steel and are 
an integral part of the building. It is 
considered good practice to make the 
lower section of the storage bin of 
steel so that vibrators, plate-type agi 
tators or other agitating devices can 

installed. A bin installa 
tion can be made suitable for prac 
tically any type of chemical feeder by 
fabrication of the steel hopper action 
installation requirements 
ge storage bin installations should 
ude a large rotary bin gate on the 
Minimum size gate 
9 x 15 inches, 12 x 12 inches, or 
preferably 12 x 24 inches. When 
small bin gates are used on large bins, 
the bin outlet can be ex 


be readily 


to meet 


1m 
outlet of the bin 


' 
packing alt 


pected. 


hemical to be stored is of 
type 
means for agi- 

st be provided to insure a 
material from the storage bin 
red. On installations han- 
feeder 


flowing subject to 


flooding, 


ible material, the 














Fig. 6—WAT volumetric feeder A-635 
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Fig. 5—OMEGA Universal volumetric feeder 


selected should have a Rotolock feed- 
mechanism incorporated in it to 
flooding 


ing 
eliminate the 
through the feeder. 

Chemical feeder installations under 
large storage bins should be isolated 
from the storage bin by means of dust 
tight flexible connections to prevent 
damage to the equipment due to ex- 
pansion and contraction of the large 
storage bin. The installation shown 
in Fig. 4 contains all the essential 
elements of a chemical feeder installa- 
tion plus the flexible connection, 
rotary bin gate and bulk storage bin. 


danger of 


Guide No. V— 
Choose Type of Feeder 

There are two basic types of feed- 
ing mechanisms: volumetric and 
gravimetric. 

When variations of three to 
per cent plus or minus (by weight) 
can be tolerated in the feed rate, and 
when it is not necessary to accurately 
record or totalize the actual weight of 
material fed, then volumetric feeders 
may be used. When more accurate 
feed rates (within plus or minus one 
per cent by weight) are desired and 
when automatic control of feed rate 
and accurate records of feed rate are 
required, then gravimetric feeders 
may be used. 


five 


Volumetric Feeders 

Volumetric feeders are designed 
for volume displacement. They do 
not incorporate scales in their feed- 
ing mechanism. If scales are used 
they are usually platform scales sup- 
porting the entire machine and its 
contents. 


Such scales give a check on the 
performance of the machine, but do 
not actually control the rate of feed. 
Any changes in density or feeding 
characteristics of the chemical being 
fed will directly affect the actual 
weight of material fed. Inasmuch as 
volumetric feeders measure only the 
volume displaced and not the weight 
of the material, it is possible for a 
volumetric feeder to operate mechan- 
ically without feeding any material, 
and there is no means of warning the 
operator if material is not being fed. 
For these reasons volumetric feeders 
usually require more attention from 
the operators to insure continuous 
satisfactory operation of the process. 

Volumetric feeders can be used in 
small plants where: 

1. Operation rates are relatively 
constant. 

2. Continuous check on perform- 
ance of the equipment is possible— 
for example, regular visits by the 
operator every half-hour or hour, 
and checks of the material fed by 
means of platform scales. 

3. Considerable retention capacity 
in the mixing and settling basins is 
available to average the minor varia- 
tions in feed rate due to changes in 
bulk density or feedigg character- 
istics of the chemical. 

Typical volumetric feeders include 
the Omega Universal, Rotolock, and 
Disc Feeders; Wallace & Tiernan 
Series A-635, Type NA and Type 
A-552; Infilco Type D and Type E; 
and Syntron Vibratory Feeders. 

The Omega Universal Feeder (Fig. 
5) is readily adaptable for feeding 
any of the dry chemicals used in 














Fig. 7—INFILCO volumetric feeder 
Typé D 
With revolving table 


water plants. The feeding mechanism 
is the large open oscillating throat 
type. It is accurate volumetrically 
and is not readily plugged by lumps 
or trash. Rate of feed is adjustable 
over a wide range. These machines 
are manufactured in three sizes with 
suitable any of the 
four types of installations previously 
described. The principal advantages 
of using this type of machine are 
low first cost, simple operation, and 
low maintenance service. 

The Wallace & Tiernan Volumetric 
Feeder, Series A-635 (Fig. 6) in- 
corporates a feeding mechanism of 
the horizontal screw type utilizing a 
combination of rotary and axial 
movement through a feed trough dis- 
charging chemicals at both ends. The 
rate of feed is regulated by a cam 
operated clutch mechanism by means 
of a control crank. This machine ts 
primarily offered for unit type in- 
stallations. 

[The Wallace & Tiernan Type MA 
Feeder consists of a slow moving feed 
roll delivering a ribbon of chemical 
across the feed apron from which it 
is fed to point of discharge. Changes 
of feed rate are made by varying the 
width of the ribbon and by change 
gears. The Wallace & Tiernan Type 
A-552 Feeder has the same type of 
mechanism as the Series 


accessories for 


feeding 
A-635 Feeder. 

The Infileo Volumetric Feeder, 
Type D, (Fig. 7) is a disc-type (re- 
volving table) feeder with position of 
a feed knife on the disc determining 
the rate of feed. The Type E ma- 
chine (Fig. 8) is an extrusion type 
feeder with a feed pan underlying 
the hopper and moving with a rocking 
and reciprocal motion. These ma- 
chines are primarily used for small 
unit feeder installations 





The Omega Rotolock Feeder (Fig. 
9) is a star wheel or pocket drum 
type of feeder and is recommended 
for volumetric feeding of floodable 
materials such as hydrated lime, acti- 
vated carbon, clay, etc. The feeding 
mechanism is entirely enclosed and is 
driven by an infinitely variable speed 
transmission (100 to 1 range). It is 
available with electric or pneumatic 
rate setting devices for use with auto- 
matic pH controllers and proportional 
pacing systems. Accessories for the 
Rotolock Feeder are available for all 
four types of installations. 

Omega Disc Feeders (Fig. 1) are 
used for feeding finely ground ma- 
terials continuously and accurately at 
very low ratesof feed. When the max- 














Fig. 8—INFILCO volumetric feeder 
Type E 


ving feed pan 


With rev 


imum feed rate required is less than 
50 pounds per hour, the Disc Type 


Feeder should be considered. The 
feeding disc has a scroll type feeding 
orifice which provides exact volu- 
metric measurement. Delivery of ma- 
terial is continuous even at very low 
rates, and directly proportional to the 
number of revolutions of the disc. An 
infinitely variable speed drive rotates 
the disc at the desired speed. Ma- 
chines with a feeding range as low as 
one to 25 ounces per hour are avail- 
able. This machine may be equipped 
with any of several sizes of feeder 
hoppers including the loading door 
hopper, all suitable for hand filling 
from feeder room floor. This ma- 
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chine is generally used for unit feeder 
installations requiring low feed rates 
and small chemical storage capacity. 


Gravimetric (Weighing) Feeders: 

Gravimetric or weighing feeders 
are machines designed to feed dry 
chemicals continuously and accurately 
by weight. They are to be preferred 
because of their greater feeding ac- 
curacy, wide feeding range, and be- 
cause automatic controls, alarm de- 
vices, totalizers and recorders are 
readily incorporated into the machine. 
The rate of feed can be pre-set and 
the feeder will maintain its set rate 
of feed by weight regardless of 
changes in bulk density or flowing 
characteristics of the chemical being 
fed. They are easily fitted with ac- 
cessories for accurate automatic pro- 
portional pacing from flow meters. 

Gravimetric feeders are manufac- 
tured in two types: Belt gravimetric 
and Loss-In-Weight gravimetric feed- 
ers. Typical belt type gravimetric 
feeders include the Omega Chemizer, 
the Wallace & Tiernan Merchen 
Feeder, the Jeffrey Waytrol, and the 
Syntron belt Gravimetric Feeder. 

In the Omega Chemizer (Fig. 10) 
dry chemical enters the feeder at the 
top, either from an extension hopper 
or chute, and passes to the feeding 
mechanism where it is fed to the scale 
supported weigh belt which delivers 
the chemical to the outlet of the feed- 
er. The scale controls the feeding 
mechanism to maintain a_ precisely 
uniform weight of chemical on the 
weigh belt regardless of changes in 
density. 

Adjustment of the feed rate of the 
Chemizer may be made in two ways; 
by setting the counterpoise weight on 
the scale beam to increase or decrease 
the weight on the weigh belt and 
allowing the belt to run at a constant 
speed ; or by the preferred method of 


J 
“< Weror 


laspecter and 
Somping Chute 


Fig. 9—-OMEGA Rotolock feeder 
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maintaining a constant weight on the 
belt and varying the belt speed. The 
scale beam and suspended Omega 
wedge controls the amplitude of 
vibrations of the feed tray which de- 
livers chemical to the weigh belt. 

When the chemical to be fed is 
compressible, finely ground and sub- 
ject to arching and flooding from a 
storage hopper, a non-flood Rotolock 
(Fig. 9) is installed above the feed 
tray in the feeding mechanism. 

The Wallace & Tiernon Merchen 
Feeder (Fig. 11) is of the belt gravi- 
metric type. It incorporates a weigh 
span between the head and tail rollers 
of a small conveyor belt, and mercury 
switches actuated by the scale beam 
increase or decrease the opening of 
the feed gate to vary the load on the 
weigh span. Rate of feed is usually 
set by adjusting the weight on the 
scale beam 

Che Syntron belt gravimetric feed- 
er (Fig. 12) consists of a short con- 
stant speed conveyor belt supported 
by a small platform scale, and electric 
vibratory feeding mechanism, and 
electric or pneumatic controller. Rate 
of feed is controlled by varying the 
load on the conveyor belt 

\ typical Loss-In-Weight 
metric feeder is the Omega Loss-In- 
Weight (Fig. 13) which, as 
its name implies, operates on the prin 
ciple of control of loss-in-weight in 
the feeder hopper. This machine con- 


Gravi 


feeder 











Fig. || —W&T Merchen belt type gravimetric feeder 


tinuously “weighs out” material from 
a hopper that is carried on the scales. 
The rate of feed is determined by the 
rate that the poise is retracted on the 
scale beam by a mechanically driven 
lead screw. Any departure of the beam 
from exact balance position causes an 
immediate change in speed of the 
Rotolock feed mechanism, faster or 
slower, as required to maintain the 
scales in balance. The change in speed 
is affected effortlessly through the 
Omega wedge control device and the 
rotatrol mechanism that converts 
oscillating motion to progressive 
rotary motion. The Rotolock feeder 
cannot flood 
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Guide No. ViI— 
Select Accessories 
For Desired Operations 


Practically every chemical feeder 
installation requires some accessories 
to satisfactorily accomplish the re- 
sults required. Such accessories are 
used at the discretion of the engineer 
and should be selected on the basis of 
the actual requirements, making every 
effort to keep the chemical feeder 
installation as simple and free from 
gadgets as possible. 

Some of the accessories available 
are bin level switches, pilot lights, belt 
shifters, rotary bin gates, remote con- 
trols, timers, special electrical start- 
ing equipment, control panels, me- 
chanical miners, dust collectors, pro- 
portioning weir tanks, dissolvers, and 
extension hoppers. Accessories such 
as totalizers, recorders and automatic 
alarm devices are available on gravi- 
metric feeders only. 

There are many other accessories 
which a chemical feeder manufac- 
turer can usually offer to solve a par- 
ticular problem 


Guide No. ViIl— 
Furnish Information 
For Manufacturers 


Information that will permit manu- 
facturers to offer satisfactory equip- 
ment should include: 

1. Chemical and physical properties 
of the chemical to be fed—name, 
formula, color, screen analysis, bulk 
density and any other chemical or 
physical data available. 

2. Type of feeder desired—volu- 
metric or gravimetric, accuracy re- 
quired (plus or minus 3 to 5 per 
cent by weight for volumetric feed- 
ers, or one per cent by weight for 
gravimetric feeders) ; dust removal 
units, types of controls and acces- 
sories desired. 








3. Power available, voltage, phase, 
cycle and full information on special 
wiring codes, if any. State if com- 
pressed air is available and give full 
information as to water which will 
be used including temperature, pres- 
sure and hardness if possible. Be 
sure to mention any special chemical 
or physical properties of the water 
to be used. 

4. General information—such items 
as sketches or drawings of space 
available, indicate bins, hoppers or 
other equipment existing or to be 
built which may affect the engineer’s 
recommendations. 


























Guide No. Vill— 


Evaluate Proposals 





Give full consideration to these 
questions : 





1. Does the equipment meet the 








specifications 
2. Will it provide the performance: 
Hopper 8. Wedge 


desired ? Scale System %. Oscilletor 

3 ¢ are » oe - ’ | . Poise 10. Rotetro! 

3. W hat are the economics of th By HS a a 

installation? Consider econo ics to 5. Leed Screw 12. Rotolock Feeder 
Leod Screw Drive 13. 





Agitator Levers 


be not only the first cost, but also 7; Toretizer 14. Flexible Connection 


Fig. 12—SYNTRON gravimetric feeder cost of maintenance and service, Fig. 13—OwiLOA gravimetric feeder 


Belt type. length of life, and cost of operation. Weight type 
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First Choice Coagulant of 
Most American Municipalities 


For Water Treatment 


Produces crystal-clear water Has no chlorine demand 


Gives better floc formation Is a low-cost coagulant 


Superior in tests against other 
coagulants 

High in quality. Its constant 
Aids in reduction of tastes and uniformity can be depended 
odors upon 


Promotes better settling and 
longer filter runs 


Also—For Sewage Treatment 
* Clean, easy to handle 
* Dry feeds well or dissolves 


Sludge digests readily 
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readily for solution feeding; 
liquid alum also available in 
many areas 


Clear, colorless effivents are 
possible 


Simple application. Requires 
only low-cost feeding apparatus 
and minimum attention 


treated with 


Treated digested sludge 
dries quickly with a 
minimum of odor 


Chlorine consumption is cut 
due to lower demand of 
clarified sewage 


Economical to use 


GENERAL CHEMICAL 


“ALUM” 


PRODUCED NEAR YOU! General Chemical’s network of 25 
Aluminum Sulfate plants assures prompt shipment any- 


where, anytime. Here is a source to rely on... 


in day-to-day 


operations and in emergencies! From every standpoint, 
General Chemical Alum is the wise choice in coagulants. 


Make it yours! 


Basic Chemicals for American Industry 








GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, wrested 


: Aen © * Atlanta * Baltimore « Bi 
oy et * Cleve! . 





* Boston 
Denver * Detroit * Greenville (Miss.) * Me ee Malemmenee 
Mile kee * Mi lis * New York * Philadelphia Pe * Providence 


San Francisco * Seattle * St. Louis * Yakima (W 
in Canada: The Nichols Chemical Company, Limited * Montreal * Toronto * Vancouver 





"e+ scoala is the process of 
adding a chemical, termed a co- 
agulant, and other chemicals under 
some conditions, to produce an ag- 
glomeration (gathering together in 
clumps or flocs) of colloidal and 
finely divided suspended matter. 
Two steps are involved, mixing or 
rapid dispersion of the chemicals in 
the water and flocculation or forma- 
tion of the flocs by slow agitation. 
In flocculation, small particles come 
in contact with other particles, and 
coalesce, agglomerate or grow into 
large flocs. (The term flocculation 
is also applied to the slow mixing 
of liquids bearing suspended matter 
to produce coalesences of particles 
and floc formation without the add- 
ition of chemicals). 

Coagulation is always followed by 
sedimentation, a whereby 
suspended matter, including flocs, is 
allowed to settle out of a liquid un- 
der conditions which favor the ac 
tion. These conditions are such that 
the water moves very slowly through 
a settling basin with little or no agi- 
tation. The two processes of coagu- 
lation and sedimentation, together, 
are often termed clarification. 


process 


Coagulants 
There are two principal groups of 
coagulants: the salts of aluminum 
and of iron. The most common co 
agulant, filter alum, is a slightly de- 
hydrated crystaline compound of 
aluminum sulfate. It has an approx- 
imate composition of A1(SO,4)s 
15H.O. AWWA specifications call 
for a content of water soluble Al.Os; 
of 17 per cent, a maximum iron con- 
tent of 0.75 per cent Fe2O; and a 
limit of 0.5 per cent of insolubles 
for purified alum (10 per cent for 
unpurified alum). The chemical is 
shipped in 100 Ib bags or cartons 
or in bulk and it may be powdered, 
granular or lump. 
Another aluminum 
which may be used, is sodium alum- 
inate ; essentially aluminum dissolved 
in caustic soda (NaOH) to produce 
NazAlsO,. It may be shipped as a 
concentrated solution in steel drums 
or as a dry powder in drums or 
paper bags. It is used principally in 
water treatment. 
alum, sometimes 
may be made on 


compound, 


boiler 
Liquid 
alum syrup, 


called 
the 


Notes On 
COAGULATION AND SEDIMENTATION 


premises from bauxite and sulfuric 
acid or shipped from a manufacturer, 
if the distance is not too great. It 
may contain from 5.8 to 8.3 per cent 
AlsOs. 

Iron compounds which are used 
as coagulants include ferric sulfate 
Feo(SO,4)s; ferric chloride FeCl;; 
ferrous sulfate FeSO,; and chlori- 
nated copperas, a mixture of ferric 
sulfate and ferric chloride produced 
when ferrous sulfate (copperas) so- 
lution is treated with chlorine. Fer- 
rous subhate cannot be used alone 
as a coagulant; lime must be added 
to the water to be coagulated. 

In addition to coagulant chemicals, 
there are certain coagulant aids, which 
improve coagulation and floc forma- 
added to a water being 
coagulated. Most important is ac- 
tivated silica, a colloid produced by 
careful treatment of sodium silicate 
solution with an activating agent 
such as alum, chlorine, sulfate acid, 
Activated can be used 
alone as a coagulant under 
conditions. Other coagulant aids in- 
acid or alkalies for pH ad 
justments, artificial turbidity pro- 
duced by clays or activated carbon. 


tion when 


ete. silica 


some 


clude 


Chemical Reactions 

Simply stated, when a coagulant 
is added to water, it reacts with al- 
kalinity (either naturally occurring 
or added by lime) to form a gela- 
tinous flocculant precipitate, a hy- 
drous oxide of the metal in the coag- 
ulant. Actually. it has been shown 
that the reactions which occur in 
the coagulation process are extreme- 
ly complex. There is a direct union 
of the metal with impurities. 
the formation of complex hydrous 
oxides on which are adsorbed im- 
purities, the formation of negative 
such as hasic carbonates and 
sulfate and the destabilization 
of colloids by colloids and ions of 
opposite electric change, It is im- 
possible to express the reaction bv 
an exact chemical equation because 
the reaction depends on the pH, alka- 
linity, concentration of impurities and 
other chemical ions in the water. 

For practical purposes, however, 
simple equations are written to show 
the approximate reactions which 
take place. These reactions for alum 


ions 


ions 


ions 


and ferric sulfate, with natural al- 


kalinity are: 

XH,O + 3 Ca(HCOs): > 
+ 6COs. + XH:O 
3 Ca(HCOs): > 
6CO: + H:O 


Als(SO.)s * 
3CaSO, + 2A1(OH)s 
Fee( SOx) e XH,O + 
3CaSO, + 2Fe(OH)s 4 
Reactions for alum and ferrous sul- 
fate with added lime 
are: 


(copperas ) 


3Ca(OH). ad 
+ XH;O 
2Ca (OH). > 
2H:O + XH:O 


\l.(SO.); © XH:O +4 
3CaSO, + 2A1(0OH) 
FeSO, « XH.O 4 

2 Ca COs + Fe(OH): 4 
Ferrous hydroxide, however, is sol- 
uble to approximately 7 ppm. It is 
oxidized to insoluble ferric hydrox- 
ide at a high pH value, according 
to the equation: 


4Fe(OH). + 2H.O + O. > 4Fe(OH), 


Factors in Coagulation 

\ccording to the AWWA “Man- 

Water Quality and Treat- 
there are several factors which 
affect coagulation of turbid and 
colored waters. These include kind 
and quantity of coagulant used, 
characteristics of water (color tur- 
bidity, dissolved chemicals, pH and 
alkalinity); temperature of the 
water, mixing and flocculation time, 
violence of agitation, and the pres- 
ence of nuclei. 

Of these several factors only 
kind and quantity of coagulant 
be controlled easily. The mixing and 
flocculation times are set by the de- 
not subject to control 

and other factors 
operators sphere of 


ual ot 
ment” 


the 
can 


sign and are 
of the 
are outside the 
control. 

Choice of Coagulant: The 
widely used coagulant is filter alum, 
although iron salts are employed in 
plants. Filter alum has cer- 
tain advantages ; it does not cause 
red-brown staining of flocs, walls or 
equipment, it is not as 
solutions of ferric iron salts, and the 
trivalent aluminum ion is not re- 
duced to the soluble bivalent 
ion in the presence of organic matter. 
On the other hand, ferric iron floc 
is denser than alum floc and preci- 
pitates more completely over a wid- 
er range than alum. Ferrous 
sulfate must be used with lime which 
is a disadvantage. The ultimate 
choice of coagulants, depends prin- 
cipally on local conditions and cost 


of the coagulant 


operator 


most 


many 


corrosive as 


more 


does 
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Amount of Coagulant: The 
amount of coagulant needed must be 
determined for each water supply 
and for each change in condition in 
that supply. There is no definite 
relation between amount of coagu- 
lant and the amount of turbidity in 
The exact dosage will 
temperature and other 
characteristics. It may vary from 2 
to 100 ppm. To determine the best 
or optimum dosage, an operator 
should use the jar test. In this tech 
nique, a series of jars is set up, each 
jar containing about 1% liters of 
water. Coagulant is added to all 
jars, with each jar receiving a great- 
er dosage than the previous one in 
the series. The liquid in the jars 
is then stirred for 15 or 20 minutes 
or a period of time equal to the floc- 
culation time in the plant. At the 
end of the stirring period, observa- 
tions are made to determine which 
produces the best floc and 

settling. That 
plant operation 
stics of Water: Cold 
water generally requires a longer 
mixing and flocculation time and fre- 
quently will require more coagulant 
to produce the desired floc Finely 
divided and colloidal turbidity re 
quires more coagulant to produce a 
good floc than does turbidity caused 
Highly colored 
higher co- 


the water. 
depend on 


dosage 
the best 
used In 


Characteri 


dosage is 


by coarse particles. 


waters usually require 


agulant dosages 

For good coagulation, these must 
be sufficient natural alkalinity to in 
sure that the floc will precipitate or 
lime must be added. The optimum 
pH zone where coagulation is most 
complete differs for different coagu- 
lants and depends somewhat on the 
presence of other Aluminum 
sulfate has a flocculation range of 
pH from 8 to 9 in the alkaline range 
and 4.5 to 5.5 in the acid range 
for soft colored water, but the upper 
range is extended to 4.5 to 8.0 when 
the concentrations of sulfate ions 
is from 50 to 100 ppm. Ferric iron 
salts may be coagulated over a pH 
range above 4.0 

Mixing and Flocculation Time: 
Usually mixing time is a few mi- 
nutes at most. The purpose of rapid 
mixing is to disperse the coagulant 
completely throughout the water be- 
ng treated. During this time, the 
charged metal ion of the 
attracts and neutralizes 
charged colloidal impur- 
charged colloidal 
flocs are produced from the reac- 
tion of coagulant and alkalinity, and 
adsorbed on the flocs 
these reactions in the 
a period of floccu- 


ons 


positively 
coagulant 
negatively 


ities, positively 


impurities are 
Follown y 

mixing period, 
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lation, for 20 to 60 minutes, is nec- 
essary to cause these minute flocs 
to grow into large clumps that will 
settle readily. The greater the do- 
sage rate of coagulant, the shorter 
the time required for flocculation, 
but the relation is not direct. The 
object of good coagulation practice 
is to produce the best possible floc 
in the time available with a minimum 
of chemical. This is the reason for 
making coagulation jar tests. 

Violence of agitation: Mixing 
should be rapid and voilent to in- 
sure complete dispersal of the coag- 
ulant. In flocculation, however the 
extent of agitation must be such that 
it causes flocs to form, not to break 
up. Floc growth results from collis- 
ion of small floc particles and from 
adhesion of these particles to each 
other. Collision is brought about by 
the slow gentle mixing produced by 
moving paddles or by passing the 
water through a maze of baffles. If 
this agitation is too rapid the flocs 
grow before reaching 
the desired size or the flocs will 
break up. Mechanical flocculators 
should not rotate at a blade-tip speed 
greater than 1.3 ft per sec, preferably 
at 1 ft per 

Vuclei: Suspended 
turbidity act as nuclei on which the 
floc forms; hence turbid water is 
easier to coagulate than clear water. 
There are several means by which 
nuclei can be supplied artificially, 
including the use of activated silica, 
the addition of clay or activated car- 
bon and the return of previously 
formed floc. The latter method is 
accomplished by flocculators which 
carefully pick up the first floc to 
settle and resuspend it. A_ similar 
effect is accomplished in up-flow 
clarifiers where incoming dosed water 
passes through a bed of previously 
settled floc 


will cease to 


sec. 
particles of 


formed and 


Chemical Feeding 

\s pointed out therefore, chem- 
icals may be purchased as dry pow- 
der, granuales or lumps or in liquid 
solution. Alum, sodium aluminate: 
ferric, sulfate may be obtained in dry 
form. Alum, sodium aluminate and 
ferric chloride may be obtained in 
concentrated solution. Chlorinated 
copperas is made as a solution on the 
premises. Chemical feeders are used 
to measure and add the coagulant 
at the desired dosage rate. (See the 
section on Chemical Handling and 
Feeding. ) 


Sedimentation 


Settling tanks or sedimentation 
basins always follow coagulation for 
the purpose of allowing the floc, sed 


iment and impurities to settle out 
before the water reaches the filters. 
Most of the impurities, even includ- 
ing a large part of the bacteria pres- 
ent, are removed during sedimenta- 
tion. The better the sedimentation, 
the less work to be done by the fil- 
ters. 

Design features of sedimentation 
basins affect many phases of opera- 
tion. These design features are im- 
portant; velocity of flow, detention 
or flow through time, sludge stor- 
age volume and method of sludge 
removal, inlet and outlet arrange- 
ments, etc. 

Other factors which affect the op- 
eration and efficiency of sedimenta- 
tion tank include size, specific 
gravity and concentration of _ par- 
ticles, biological activities, electrical 
effects, etc. Settling periods of 1 to 
6 hours are used. The rate of flow 
through a basin (flowing-through 
period) should not be less than 30 
per cent of the detention time (i.e. 
time required to fill a basin at the 
given rate of flow). 

Continuous removal of sludge 
from sedimentation basins makes 
possible the use of smaller tanks, 
and better results. Intermittent 
sludge removal requires that the 
operator set cleaning schedules 
which will maintain operation at ef- 
ficiencies above the minimum allow- 
able, and will prevent tastes and 
odors from decomposing sludge. 
Usually, this cleaning operation 
should be performed whenever the 
depth of the sludge reaches three or 
four feet. 

Sedimentation, when practiced 
without coagulation, is termed “plain 
sedimentation” and is used in two 
situations, either as the sole treat- 
ment prior to filtration or as pre- 
treatment before coagulation. Where 
plain sedimentation is used in place 
of coagulation and _ sedimentation, 
the reservoir used for the purpose 
should have a capacity of several 
days to several weeks. If the res- 
ervoirs are large enough to permit 
storage for weeks or months, filtra- 
tion may not be necssary but dis- 
infection should be practiced. 

When sedimentation is used as 
a pretreatment before coagulation 
and sedimentation, the purpose is 
to reduce the load on the coagulation 
process and amount of coagulant re- 
quired. Furthermore, this pretreat- 
ment is used on extremely turbid 
waters, containing sediment that will 
settle rapidly without the aid of co- 
agulating chemicals. Presedimenta- 
tion basins should have a capacity 


equal to 6 to 24 hours detention 


period at average flow, 





Columbia- 
Southern 
chemicals 
for water 
and sewage 
treatment 


COLUMBIA-SOUTHERN 
CHEMICAL CORPORATION 


SUBSIDIARY OF PITTSBURGH PLATE GLASS COMPANY 
ONE GATEWAY CENTER PITTSBURGH 22 - PENNSYLVANIA 


DISTRICT OFFICES: Cincinnati « Charlotte * Chicago «+ Cleveland «+ Boston 
New York « St. Lovis * Minneapolis * New Orleans * Dallas * Houston 
Pittsburgh * Philadelphia * San Francisco 


IN CANADA: Standard Chemical Limited and its Commercial Chemicals Division 


Liquid Chlorine 


Columbia-Southern is the world’s largest merchant 
producer of chlorine. Its chlorine is produced under 
careful supervision to assure high purity. Shipments 
are made promptly in 15-ton multi-unit cars, and in 
55, 30 and 16-ton single unit tank cars. 


Pittchlor® 


Pittchlor is a dry, granular, free-flowing, water soluble, 
highly stable Calcium Hypochlorite containing a 
minimum of 70% available chlorine. 

In water supply systems, Pittchlor is used in the 
destruction of algae in reservoirs, the disinfection of 
distributing mains, the conditioning of filters, etc. 
Pittchlor’s high stability also makes it an excellent 
stand-by product for emergency chlorination in the 
event of fire or flood, or when the water system has 
been contaminated accidentally. 

In sewage treatment, Pittchlor’s convenience and 
efficiency make it desirable for many uses, the major 
ones of which are: 1) to reduce Biochemical Oxygen 
Demand, 2) to suppress objectionable odors, 3) to 
disinfect effluent discharge, 4) to facilitate coagula- 
tion, 5) to meet the need for available chlorine in 
emergency purposes. 

Pittchlor is packed in 100 lb. and 130 Ib. drums 
with fully removable heads; also furnished in 5 |b. 
resealable cans (9 per case), and 3% Ib. cans (12 


per case). 
Light Soda Ash 


Excellent for water treatment—free-flowing, rapidly 
soluble. It is a 99-100% NagCOs3 product with an 
NagO equivalent of more than 58%. Furnished in bulk 
cars or 100 Ib. paper bags. 


Caustic Soda 


In liquid form, 50% and 73% concentrations. Shipped 
in 8,000 and 10,000 gallon tank cars. Also in 1,100 
ton tank barges (50% only). 

In solid form, tests 98-100% NaOH. Available in 
100 Ib. and 700 Ib. drums. 

In flake form, 98-100% NaOH. Available in 100 
Ib. and 400 Ib. drums. 


Pittabs® 


Chlorine in dry, white, tablet form. Consists of Cal- 
cium Hypochlorite containing a minimum of 70% 
available chlorine. 

Especially valuable in swimming pools because the 
tablets are slow dissolving and provide a continuous 
supply of available chlorine throughout an 18-hour 
cycle. Pittabs are excellent for uses in water and 
sewage works where the advantages of slow dissolv- 
ing chlorine tablets are of value. 

Pittabs are packed in 7% |b. resealable cans and in 
100 Ib. drums. 


For further information on any of these prod- 
ucts, please contact the Pittsburgh office or any 
of the branches, 
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PHILADELPHIA QUARTZ COMPANY 


Manufacturers of N Sodium Silicate for the Preparation of Activated Silica Sols 


GENERAL OFFICES 1137 Public Ledger Bldg., Phila. 6, Pa 
Chicago Sales Office 205 West Wacker Drive 


Manufacturing Plants: Anderson, Ind.; Baltimore, Md.; Buffalo, 
N. Y.; Chester, Pa.; Jeffersonville, Ind.; Kansas City, Kansas; Rah- 
way, N. J.; St. Louis, Mo.; Utica, Ill. 
Distributors in over Sixty-five Cities. 


Trademarks—Reg. U. S. Pat. Off. 
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Raw and 
waste water treatment 


N-Sol activated silica used with alum, ferric salts or 
other coagulants forms a large, bulky, strong floc at a 
faster rate than when the coagulant is used alone. The 
N-Sol floc entraps impurities and suspended matter, then 
settles rapidly to produce clear, sparkling water. Silica 
sol coagulant aid is effective with a wide variety of wa- 
ters and in all popular fiocculating and sedimentation 


equipment 


Activated silica sol is made with N Silicate of Soda 
(41° Baume) and a reactant chemical at the plant where 
it is used. PQ’s N-Sol Processes using reactants as noted 
below are licensed without royalty. (The use of sulphuric 
acid is covered by l . 4 Pat. 2,217,466, J. R. Baylis, City 


of Chicago. ) 


Jar tests showing increased floc size with activated silica 
plus alum on the left as compared to alum alone on the right. 


PQ Assistance 


Samples of N Silicate of Soda and directions for mak- 
ing jar tests are available on request. PQ engineers are 
glad to share our experience with activated silica sol as 
an aid in water treating problems. Ask for our #52 
series to be sent to you in a convenient reference file 
folder. Silicates are also used for corrosion control in 


water systems. Request bulletin series #37. 





COAGULATION PROCESS 


REACTANTS ADVANTAGES 








Raw Water 

Improves quality 
Lengthens filter runs 
Removes high color 
Reduces turbidity 
Removes manganese 
Removes maknesium 
Removes calcium 


N-SOL-A 
(U. S. Pat. 
2,444,774) 


Waste Water 
Recovers reusable solids 
Prevents stream pollution 
Clears effluent 


In Such 
Industries as: 


Paper N-SOL-C 


Petroleum N 
Metal Finishing (t TI. 
2,00 (20% 


Plating 

Food 

Textile 
Also 


Radio Active Waters 


N-SOL-B 
(U. S. Pat. 
2,310,009) 








Ease of preparation, either 
batch or continuous. Chlor- 
amines formed in waters pre- 
viously treated with chlorine. 


ammonium 
sulphate 


Reactant readily available, 
inexpensive. 


Reactant usually available 
where sterilization is normal 


chlorine practice. 


Used where an alkaline salt 
is desired. For boiler feed wa- 

sodium ter where ammonia is not de- 
bicarbonate sired. 
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Preparing 


CTIVATED silica, although its 

application to water treatment is 
relatively new, actually has a long his- 
tory. More than 150 years ago, Pott 
reported the preparation of a “semi- 
solution” of silica, but Graham is usu- 
ally credited with the discovery of 
silica sol. 

The first successful efforts to use 
silica sols on a large scale in water 
treatment took place in 1936. The 
work was done independently and 
concurrently by J. R. Baylis at Chi- 
cago and by Graf and Schworm at 
St. Louis. Baylis showed that the ad- 
dition of sulfuric acid to a dilute solu- 
tion of sodium silicate, with proper 
aging, could improve the alum coag- 
ulation of Lake Michigan water 
appreciably. Graf and Schworm 
demonstrated, in both laboratory ex- 
periments and plant scale trials, that 
solutions of alum and sodium silicate 
of approximately equal concentrations 
could be used as an effective coagulant 
aid. It is surprising to note that, as 
early as 1884, Graham was so close 
to the views now considered modern. 
Graham has been generally credited 
with introducing the terms sol, gel, 
and peptization. 


Definition of Terms 


Because activated silica, although 
in limited use for a great many years, 
has not as yet been widely accepted 
throughout the country as a conven- 
tional coagulant or coagulant aid, 
some of the terms employed in this 
paper may not be familiar. Conse- 
quently, it has been deemed advisable 
to include the following definitions 
applicable to the theory of activated 
silica : 

Activated silica. This term desig- 
nates a negatively charged colloidal 
particle formed by the reaction of a 
dilute sodium silicate solution with a 
dilute solution of an acidic material or 
other activant. 

Sol. This is a general term applied 
to colloidal distin- 
guished from true solutions. 

Gel. A silica gel is a heavily hy- 
drated, interlaced, fibrillar or brush 
heap structure of very large polysilicic 
acid molecules, with the spaces filled 
with water or dilute silicate solution. 

Gel induction time. The time inter- 
val between the addition of the ac- 


dispersions as 


Mr Black’s article is reprinted from 
J. AW.W.A., Vol. 45, p. 1101, by permission 
of the Association 


and Using Activated Silica 


By CHARLES A. BLACK 
Pres., Black Labs., Inc., Gainesville, Fla. 


tivant to the sodium silicate solution 
and the first determinable gel forma- 
tion is the “gel induction time” 
(sometimes called “gel time’’). 


Micelle. This term, taken from the 
French, has been construed to indicate 
an internal-phase particle that pos- 
sesses a double layer of charges of 
opposite sign adjacent to the surface. 
As applied to activated silica, it usu- 
ally refers to a particle size varying 
between 0.1 and 1.0 mu. 

Mole ratio. As applied to activated 
silica, th:s term refers to the ratio of 
the number of moles of activant to the 
number of moles of sodium oxide in 
the silicate. 

Percentage neutralization. Taking 
a 1:1 mole ratio of activant to sodium 
oxide content as unity, or 100 per 
cent, this term expresses as a percent- 
age the ratio of equivalents of activant 
to equivalents of sodium oxide con 
tent added in the neutralization 
process. 

Parts per million activated silica 
(“Si0.°). This term represents the 
parts per million available “SiO. mi 
celles present. These micelles have a 
negative charge and should not be 
confused with SiO». as _ normally 
found in water supplies. 


Methods of Activation 


Activated silica sol, prepared by the 
partial or total reaction of the sodium 
oxide content in sodium silicate, has 
often been applied successfully as a 
coagulant aid. The process involves 
the reaction of a suitable grade of 
sodium silicate, such as one having a 
ratio of 1 part Na,O to 3.2 parts 
SiO». A typical analysis is: NagO, 
8.9 per cent ; SiOe, 28.7 per cent ; and 
H2O, 62.4 per cent. The activation of 
sodium silicate with strong acids fol- 
lows a pH curve similar to that for 
the reaction of a strong acid and 
strong base. 

Probably the first activated silica 
sol successfully used as a coagulant 
aid in the treatment of raw water was 
developed by Baylis’, working in Chi- 
cago on Lake Michigan water. He 
found that, when the alkalinity of so- 
dium silicate was partially neutralized 
by sulfuric acid, it acted as a coagu- 
lant aid for this water. The Baylis 
process involved the addition of a 
diluted sodium silicate solution to a 
level of 1.5 per cent SiO». and the 
addition of sulfuric acid sufficient to 


neutralize approximately 85 per cent 
of the alkalinity. This solution was 
aged for 2 hr and then diluted to a 
level of 0.6 per cent SiOz, producing 
a very efficient coagulant aid. 

The Graf-Schworm process’ in- 
volves the addition of 1 per cent alum 
solution to a 1 per cent silicate solu- 
tion in a ratio of 4 parts of alum to 1 
part of silicate. This mixture is then 
used immediately as a coagulant aid. 

A method of activation developed 
by Hay’ involved the use of am- 
monium salts. This method differed 
from both the Baylis and Graf- 
Schworm processes in that it did not 
involve alkalinity neutralizaton and 
the pH of the final silica sol was much 
higher than in either of the other 
methods. Hay also suggested the use 
of carbon dioxide, sulfur dioxide, 
sulfur trioxide, chlorine, and acid 
salts as activating agents, as well as 
the concept of continuous activation. 
The Hay process for activating silica 
is commonly called N-Sol A. The 
usual method of producing this sol is 
to mix diluted silicate and ammonium 
sulfate solutions in equimolar propor- 
tions, to age this mixture at a con 
centration of 2 per cent SiO» for | 
hr. and then to dilute it below 1.3 per 
cent for storage to prevent gel forma- 
tion. This sol has less tendency to gel 
and can be safely stored and used at 
approximately twice the safe storage 
concentration of the Baylis sol. 

The Baker-Dedrick sol*, commonly 
called N-Sol B, is produced by add- 
ing dilute solutions of sodium silicate 
to dilute solutions of a metal salt 
capable of forming an insoluble sili- 
cate. These solutions are mixed in 
equimolar proportions, aged, and 
added to the water treatment system 
or diluted to prevent gel formation. 

Many other activants have been 
used to form activated silica sols, but 
the methods previously mentioned are 
the most important insofar as general 
acceptance and basic work are con- 
cerned. Silica sols made by the 
hydrolysis of silicon tetrachloride 
have only a slight effect on coagula- 
tion. Those prepared by the passage 
of a diluted soluble silicate through 
an ion-exchange resin have little, if 
any, coagulant activity. 

Theory 

The internal-phase fibers of a silicic 

acid gel are regarded by Hurd and 


Miller’ as consisting of condensed 
silicic acid molecules that form long, 
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branched chains profusely entangled. 
This condensation is produced by the 
splitting off of the water, starting at 
first by a reaction between simple 
molecules and continuing between the 
larger moiecules thus formed until a 
network develops. The vast surface 
created by such a brush heap structure 
of combined silicic acid molecules can 
account for the adsorption of the 
water molecules and for their being 
held in a more or less rigid condition. 
According to Hurd and Miller, any 
condition that tends to alter the rate 
of reaction accordingly affects the 
rate of the setting of the gel. During 
the aging period, the low-molecular- 
weight polymer of silicic acid formed 
by the neutralization of the silicate 
alkalinity by acidic material increases 
in size. If the aging process is not 
stopped by dilution, addition of alkali, 
or other means, the mixture gels. By 
controlling the aging time, the size of 
the silica micelle can be varied over a 
wide range. During aging, the more 
soluble silica changes to a colloidal 
form that not react with am- 
monium molybdate in the usual an- 
alytical test for silica. 


does 


Assuming that the gelatin is due to 
a condensation reaction of this type, 
fastest gelling should occur near the 
pH of least ionization, where there is 
a minimum of repulsion forces be- 
tween similarly charged silicic acids or 


hydroxides or an equal number of 


positively or negatively charged 
species containing silicon hydroxides 
The occurrence of such a maximum 
rate of gelation at an initial pH of 
approximately 7 is evidence that the 
silicic acids are much stronger than 
is ordinarily supposed. The increase 
in pH during aging and gelation in- 
dicates that the polysilicic acids form- 
ing are weaker and are more ex- 
tensively hydrolyzed. Published data’ 
clearly shows that the gelling power 
of ammonium salts is not due entirely 
to acid formed by hydrolysis, as they 
form gels at pH values only slightly 
less alkaline than the sodium silicates 
themselves. Systems of silicates with 
acids do not form gels at these pH 
values. The sodium aluminate-silicate 
mixtures have higher pH values than 
silicate solutions alone. The ability of 
ammonium salts to gel sodium sil- 
icates is, therefore, probably due to 
the formation of slightly ionized, 
heavily hydrated, insoluble gelatinous 
salts 


The sodium silicoaluminate gels 
formed when sodium silicates and 
aluminates are mixed contain sodium 
ions that are not removable by ex- 
tensive washing with water. These 
sodium ions are replaceable with other 
cations like calcium and magnesium. 
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Such products, usually termed arti- 
ficial zeolites, are used extensively in 
water treatment. Because aluminum 
or aluminate ions, as well as the sil 
icates, can be regarded as polyfunc- 
tional, the formation of a silica 
alumina gel probably involves copoly- 
merization reaction. 


Thus, it can be seen that there are 
at least four distinct methods of 
forming activated silica sols and silica 
gels: (1) alkalinity neutralization 
with acids or acid salts; (2) the use 
of ammonium sulfate to form slightly 
ionized, heavily hydrated gelatinous 
salts; (3) the use of sodium alumin- 
ate to form silico-aluminate sols; and 
(4) the addition of dilute solutions 
of a metal salt to sodium silicate to 
form insoluble salts. 


In general, the rate of gelation of 
mixtures of 3.3-ratio sodium silicate 
with the various gelling agents in- 
creases in the following order : ammo- 
nium sulfate, sulfuric acid, hydro- 
chloric acid, and sodium aluminate. 
Under certain conditions this order 
not hold, however. The mole 
ratio of the gelling reagent to the 
alkali of the silicate does not affect 
the gel time as much with the alu- 
minate and ammonium salts as it does 
with the acids. ’ 


does 


The actual point of gel formation is 
usually determined by the loss of 
uniform fluid flow, the appearance of 
breakage planes when the mixture is 
tilted, and the adherence of solid gel 
to the glass wall of the container. The 
gel induction time obtained in this 
manner is reproducible within 2 per 
cent and usually corresponds fairly 
closely to the “time of set” deter- 
mined by the “tilted-rod” method 
extensively used by Hurd and col 
laborators. 


It has been found" that, for best 
results, the aging period for activated 
silica sols should range between 10 
and 50 per cent of the actual time 
necessary for gel formation. Opti- 
mum results are usually obtained 
when the aging period is approxi- 
mately 25 per cent of the gel induction 
time. 


Carbon Dioxide and 
Chlorine Activation 


The three methods of silica activa- 
tion probably most widely used at 
present employ sulfuric acid, alum, 
or ammonium sulfate. At least two 
additional methods, developed in re- 
cent years, have shown considerable 
promise, however. One of these in- 
volves the neutralization of the 
alkalinity by the use of carbon di- 
oxide. This method is of special 


interest where carbon dioxide is avail- 
able from the burning of lime sludge 
in softening operations or as a con- 
stituent of burner gases. This activa- 
tion process, utilizing gases from the 
exhaust of diesel engines containing 
4-5 per cent carbon dioxide gas, is 
now being employed at Miami, Fla." 
Activated silica is prepared in batch 
quantities, and approximately 30 mgd 
of water is being treated with ap- 
proximately 2 ppm “SiO. 

Another process coming into wide 
favor at present utilizes gaseous chlo- 
rine for activation. This method of 
activation has many advantages. The 
hypochlorite produced in the reaction 
contains, in effect, the same oxidizing 
power as the original chlorine. Hence, 
none of the chlorine applied is lost, 
and it is available for disinfection and 
oxidation of organic materials. Thus, 
the actual of chlorine as an 
activator is nothing, as it will replace 
an equivalent amount already used in 
the filter plant. The relatively low 
solubility of chlorine in water com- 
plicated the development of a con- 
tinuous process for the production of 
this sol, but this difficulty has been 
overcome by at least two major 
chemical-feeder manufacturers. One 
of these feeders utilizes a high per- 
centage of activation, a relatively high 
SiO. content of the aging mixture, 
and a very low aging time. The solu- 
tion to be used is prepared continu- 
ously and employed immediately after 
preparation. 


cost 


Benefits of Activated Silica 


The application of activated silica 
to water treatment has brought num- 
erous benefits never before obtained 
with a coagulent aid. Baylis’ study’ 
showed that, in Lake Michigan and 
synthetic waters, the sol decreased the 
time required to form a floc; in- 
creased its size, toughness, and dens- 
ity; permitted more rapid settling; 
produced a clearer settled and filtered 
water ; and lengthened filter runs. The 
sol made it possible to use higher flow 
rates and coarser filter media and pro- 
duced good water over a wider pH 
range. Magnesium could be removed 
at a lower pH by using the sol. If 
considerable magnesium was present, 
it could be coagulated by lime and 
silica alone. 

The first successful plant scale use 
of activated silica sol employing am- 
monium sulfate was made in 1943 by 
Black* in a Florida plant. The ad- 
dition of 4 ppm silica as “SiO.” prior 
to feeding 85 ppm of lime and 8.5 
ppm alum produced a larger, tougher, 
heavier floc that settled faster and 
resulted in increased color removal 
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Ferri-Floc gives smoother, more efficient and trouble free 
operation. Whatever your particular water treatment problem 
may be, you can depend on Ferri-Floc doing a superior job 
and doing it efficiently and economically—Ferri-Floc is a free 
flowing granular salt which can be fed with few modifications 
through any standard dry feed equipment. It is only mildly 
hygroscopic, thereby permitting easy handling as well as storage 


in closed hoppers over long periods of time. 


With The Plus Factors 


Excellent Taste and Odor Control Coagulation Over Wide pH Range 
Rapid Floc Formation Color Removal Bacteria Removal 
Turbidity Removal Manganese and Silica Removal 
Ease of Operation Economical increased Filter Runs 


SEWAGE TREATMENT 


Ferri-Floc coagulates wastes over wide pH 


WATER TREATMENT 

Efficient coagulation of surface or well water. 
Effective in lime soda-ash softening. Adaptable 
to treatment of all industrial applications. 


ranges It provides efficient operation regard- 
less of rapid variations of raw sewage Is 
effective for conditioning sludge prior to va- 
cuum filtration or drying on sand beds. 
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FREE Let us send you without charge, a 38-page 
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LIQUID SULFUR DIOXIDE 


As an antichlor SO: has proven to be very effective in controlling accurately the amount of 
residual chlorine in water supplied to the distribution system. 

The quantity of SO. needed to remove chlorine is in the ratio of 0.905 parts of SO: for each 
part of chlorine to be removed, or reduced. For example, if a residue of 1.2 parts per million 
of chlorine is to be reduced to 0.2 parts per million, then approximately .905 parts per million 
of SO: are theoretically needed. 

For plants operating under conditions where control is difficult, superchlorination and 
dechlorination with SO: is more practical than the “break-point” treatment. 


De-Chiorination with SOz2 
LIQUID Atter Super-Chliorination 


R Dio Sulfur dioxide, the de-chlorinating agent used in the largest 

~. HIGHEST +, number of municipal installations, is an article of commerce avail- 

~~) QUALITY f) able in cylinders similar to the familiar chlorine container. Equip- 
w mw 


a | ment almost identical to standard chlorinators is utilized in the 
Qe measurement and application of this gas. Another popular method 
h of measurement is accomplished through the use of Rotometers. It 
is readily soluble in water, forming sulfurous acid which reacts 
with excess chlorine as follows: 
ini Cl. + H.O — HCI + HCIO 
Available in: so. 4 H.O a H.SO,, 


Cylinders, Ton Drums, 


Tank Trucks and Tank Cars H.SO., t HCIO — H.SO, + HCl 
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The Use of COPPER SULFATE seiuiaiiainate 
In Water Treatment ODOR CONTROL 


Long recognized as essential to properly control algae, and Perhaps the greatest single 


other microscopic organisms. Copper Sulfate will control about advance in water treatment 


with Copper Sulfate is for 


90% of the micro-organisms normally encountered in water 

treatment plants more economically than any other chemical. taste and odor control — 
algae killed by Copper Sul- 
fate can be coagulated, 

FREE BOOKLET 

Make request on your firms’ letterhead for our 


booklet: “The Use of Copper Sulfate in Water in the sedimentation basin 
Treatment.” ; ‘ 


thus permitting the removal 
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and clearer water. In this plant, the 
addition of 4 ppm silica replaced a 
dosage of 70 ppm alum as a coagulant 
with a very substantial financial sav- 
ing. At approximately the same time 
Black also initiated the application of 
activated silica to a softening plant, 
using sulfuric acid as the activant. 
Since then activated silica has become 
a standard coagulant for lime soften- 
ing in Florida, and, to some extent, 
has replaced alum. It is also used as 
a coagulant aid in the treatment of 
surface waters with alum. It gives a 
tougher, heavier, and faster settling 
floc than alum alone. 


The benefits observed when acti- 
vated silica has been used in raw- 
water coagulation are many, although 
all are not obtained in every instance. 
Often a saving in the cost of chemical 
treatment results from the reduction 
in the amount of alum or iron salts 
needed for good coagulation. Some- 
times the saving stems from increas- 
ing the capacity of the equipment by 
creating a heavier floc, thus making 
the existing equipment serve at higher 
capacities and either postponing the 
necessity for expanding the plant or 
reducing the initial cost of new in- 
stallations. Almost always activated 
silica in the proper proportion in- 
creases the speed of formation and 
the size, density, and strength of the 
floc. 


It should not be assumed that, be- 
cause silica is present in a raw water 
to the extent of 10-20 ppm, activated 
silica will not be beneficial. The 
natural and activated forms of silica 
differ, or at least produce different 
effects. Usually, adding activated silica 
to the raw water along with the other 
coagulants will actually decrease the 
silica content of the finished water, 
because more and better coagulation 
is obtained. 


Activated silica has been demon- 
strated to be a very economical meth- 
od of treatment. A recent installation 
in an eastern steel mill showed almost 
a 50 per cent reduction in water treat- 
ing cost when activated silica sol 
treatment was started. Hazlip’ stated 
that, at Houma, La., the use of acti- 
vated silica and reductions in the 
amount of other chemicals fed de- 
creased the cost from $41.41 to $20.72 
per million gallons of water treated. 
The cost of silica sol application is 
estimated at 35-50 cents per part per 
million “SiO.” for each million gallons 
of water treated. 


Black” found activated silica highly 
effective when used in conjunction 
with the lime softening of Florida 
well waters. The process usually con- 
sists of softening with excess lime 


and using approximately 8.5 ppm 
alum as the coagulant. In some plants, 
the silica is substituted for all of the 
alum ; in others, the addition of alum 
with the silica has been found desir- 
able. With the silica treatment the floc 
particles are large and “leathery.” 
Turbidities of settled waters are re- 
duced greatly and the filter runs are 
lengthened. Black states that, al- 
though activated silica used in con- 
junction with another coagulant 
should properly be called a coagulant 
aid, the time has come to recognize 
that it may, and often does, act as a 
coagulant in the truest sense of the 
word. 


Plant Applications 


It is important to learn the optimum 
proportions of activated silica and 
other coagulants and the proper order 
of addition. These factors should be 
studied by means of jar tests, which, 
if carefully conducted, give a good 
indication of results to be expected in 
plant practice. The amount of acti- 
vated silica usually required varies 
from 2 to 15 ppm. Excessive amounts 
of silica destroy the effectiveness of 
the alum, and no coagulation is ob- 
tained. The point of application of the 
silica is often a critical factor. In 
combination with alum, negative re- 
sults are sometimes obtained when the 
silica is added ahead of the alum; 
whereas, when the silica is added 
immediately after the formation of a 
pinpoint floc, a large, heavy alum floc 
results. Very often, however, it is 
found that the silica should be added 
to the raw water ahead of the other 
chemicals. The optimum procedure 
must be determined by jar tests and 
plant trials. 


The effect of temperature on the 
results obtained with activated silica 
was investigated by Spencer, Middle- 
ton, and Merrill”. It was found that 
activated silica appreciably lessened 
the time necessary for floc formation 
at low temperatures. The use of ac- 
tivated silica at low temperatures also 
greatly decreased the problem of 
after-precipitation of alum. 


Effect on Filter Runs 


It has been reported by several per- 
sons that activated silica has decreased 
filter runs. Upon investigation by the 
individuals concerned, it was found 
that a sticky, gelatinous film had 
formed on the top of the filter, thus 
plugging it. Several explanations for 
this phenomenon have been found. If 
only part of the sodium alkalinity is 
neutralized, the floc formed may be 
sticky and could, under unfavorable 
circumstances, cause filter plugging. 
No difficulty of this type is encoun- 


R-97 


tered with ammonium alkalinity. Fil- 
ter plugging occurring when Baylis 
sol of 85 per cent neutralization was 
used disappeared when the silicate 
was 95 per cent neutralized with sul- 
furic acid or 100 per cent activated 
with ammonium sulfate. A change in 
the alum-silica ratio or in the relative 
points of application of alum and 
silica may also eliminate filter plug- 
ging. 

In one installation, it was found 
that the proportion of mud and floc 
indicated that backwash was decidedly 
inadequate. Surface wash units were 
installed in the filter beds. With the 
efficient surface wash, a negligible 
amount of dirt remained after back- 
washing, and filter plugging was en- 
tirely eliminated. Because a certain 
quantity of floc is carried to the aver- 
age filter bed from the sedimentation 
basin, the application of silica is war- 
ranted only if it is known that an 
efficient backwash is possible. If the 
silica-alum floc, which is dense and 
slightly sticky, cannot be washed prop- 
erly from the bed, it accumulates in 
serious proportions, increasing the 
frequency of backwash to a point at 
which operation becomes very diffi- 
cult. This problem is especially likely 
to arise if the filter beds are dirty 
before the application of silica. 


Conclusions 

Activated silica sols are truly a wel- 
come addition to the family of chemi- 
cals available for water treatment. 
When properly applied in correct dos- 
ages activated silica will almost al- 
ways improve the coagulation and 
chemical quality of the water treated. 
Activated silica, like all other chem- 
icals used in water treatment, must, 
however, be properly applied or its 
beneficial effects cannot be realized. 
It is the opinion of the author that 
future applications of activated silica 
in this country will be numerous and 
that the trend will be toward con- 
tinuous activation with carbon dioxide 
and chlorine. 
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Che author has outlined the uses 
and characteristics of activated silica 
and has shown that many reactants 
can be employed. He has indicated 
that heretofore activated silica has 
been prepared largely by the batch 
method and has pointed out that con- 
tinuous methods are desirable but not 
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chamber where the sodium silicate is 
diluted to the proper point and the 
chlorine neutralizes the alkali to the 
proper degree. Aging takes place in 
the same chamber. The finished prod- 
uct is removed by an ejector system, 
which, in some ways, is the heart of 
the process. In addition to removing 
and transporting the finished product 
to the point of use, the ejector also 
creates the vacuum needed to meter 
the flow of chlorine, pulls in the air 
used in mixing, and provides the nec- 
essary final dilution water for stabiliz- 
ing the finished solution. 

The finished solution contains, in 
addition to silica micelles (“SiO.2°), 
all of the chlorine used in the neutrali- 
zation of the alkali. The process may 
be expressed as an equation: 


HOC! + HCi~ 


Na,O’SiO, 
“SiO,, + NaOCl + NaCi + H,O 


It will be noted that the “SiO. does 
not enter into reaction with chlorine 
but is simply released from captivity, 
as it were. The oxidizing power of 
the chlorine used remains, in the form 
of sodium hypochlorite (NaOCl). 
This provides the basis for the previ- 
statement that all the chlorine 
used is available for the normal 
functions of that chemical. The pH 
of the solution delivered to the point 
of application ranges from approxi- 
mately 7.0 to 8.5. 

Operation is simple. Chlorine, 
water, and sodium silicate feeds are 
set in accordance with a chart show- 
ing the amount of each required to 
produce the proper grade of activated 
silica. Chlorine feed is calibrated in 
pounds per 24 hours, water in gallons 
per minute, and sodium silicate in 
gallons per day. 

This system works very close to the 
minimum sol life of the activated 
silica. When “SiO. is released, the 
time required for it to form a gel will 
depend upon the initial dilution and 
the degree of activation. Thus, in the 
activation of silica, the sol life or gel 
time is controlled. In batch treatment, 
the sol is usually aged several hours 
and then diluted to a working strength 
of approximately 0.5 per cent. In the 
system under discussion, the sol life 
is relatively short—minutes instead of 
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hours—and can be controlled. The 
sol is made and used within a matter 
of minutes, thereby decreasing the 
need for holding tanks and greatly 
simplifying the operation. 

Good results in the preparation of 
activated silica depend to a consider- 
able degree on proper initial mixing. 
The air used for this purpose in the 
continuous chlorine method is drawn 
into the reaction chamber by the 
vacuum created by the ejector. Enter- 
ing at the bottom of the chamber, the 
air bubbles upward against the down- 
ward flow of silicate and water. The 
appearance of a bluish color or haze 
is evidence of properly activated silica. 

Difficulties due to uncontrolled gela- 
tion at unpredictable times have been 
completely eliminated in this system. 
The only place where any gel can ac- 
cumulate is the reaction chamber, 
from which it can be removed easily 
by loosening two wing nuts, thus re- 
leasing the entire jar. A rub of the 
hand on the inside removes all gel, 
and, after replacement of the jar, the 
equipment is again ready to run. The 
whole operation seldom requires more 
than a few minutes. 

The ejector which removes the ac- 
tivated silica from the reaction jar 
and provides a vacuum for the opera- 
tion of the whole system is of such 
size that the water used produces a 
final dilution of approximately 0.5 
per cent. This final dilution inhibits 
further micelle growths, so that the 
product then can be transported any 
reasonable distance without danger of 
gel formation. This is equivalent to 
the final dilution in the batch method 
that constitutes the working solution. 

This system has passed through the 
field experimental stage. Units are 
now in operation on a great variety 
of waters and purification systems. 
Where the use of activated silica is 
justified, the chlorine activation proc- 
ess is proving as efficacious as other 
methods of activation, and the unit 
has demonstrated its reliability. 
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Mechanism of Water Pipe Corrosion 
by ROLF ELIASSON and JAMES C. LAMB Iil 
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RON occurs in nature in the form 

of an oxide or hydroxide, and the 
metal is produced through reduction 
of the ore. Corrosion may be consid- 
ered as the reverse of this process, as 
iron is unstable in a corrosive environ- 
ment and tends to revert to the more 
stable oxides. 

The tendency of a metal to go into 
solution, or to corrode, is indicated by 
its electrode potential in that solution. 
In order to provide a standard basis 
for comparing the solution tendencies 
of the various metals, a metal ion 
“activity” of 1 mole per 1,000 g of 
water and a temperature of 25°C have 
been assumed in the preparation of 
the electromotive force series. In the 
abbreviated emf series presented in 
Table 1, the potential of hydrogen is 
taken as zero and all other potentials 
are referred to this value’*. The met- 
als are listed in order of decreasing 
solution tendency (increasing nobility 
of potential). The potential, FE, of a 
metal under other conditions of tem- 
perature and metal ion activity may 
be found through the use of the 
Nernst equation: 

RT 
nF 
in which M** is the metal ion activity 
in solution (gram-moles of metal per 
1,000 g of water, multiplied by the ac- 
tivity coefficient) ; R is the gas con- 
stant, in joules; T is the absolute tem- 
perature (Kelvin); » is the number 
of electrons participating in the reac- 
tion; Eo is the potential, in volts, of 
the metal at 25°C with unit metal ion 


This article is reprinted from J.A.W.W.A., 
Vol. 45, p. 1281, by permission of the Asso- 
ciation 
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Table 1 
ELectromotive Force Series* 
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There has been a tendency to use 
the emf series as though it were in 
flexible, each metal displacing from 
solution all metals below it in the 
series. This condition is usually true 
for metals widely separated in the 
series, but it should not be assumed 
to obtain in all instances. Changes 
in the potentials of metals dilute 
solutions, such as are normally en- 
countered in water works practice, 
may result in radical changes in the 
order of potentials given in the emf 
series 

Such a change occurs, for example, 
in the iron-zine system. Zinc is nor- 
mally anodic (more active potential ) 
to iron, and is used in many piping 
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Fig. 2. Galvanic Cell 
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systems as a sacrificial protective coat- 
ing for iron. In fresh water with a 
temperature higher than 150°F, how- 
ever, it becomes cathodic (more noble 
potential) to iron and is no longer 
sacrificially protective’. The effective 
potential of a metal also may be varied 
by reactions with elements in a given 
environment. It is evident that the 
emf series, calculated for unit metal 
activity, cannot be applied directly to 


Table 2 
GALVANIC SERIES OF METALS 
Corroded end Magnesium 
(anodic or Zine 
least noble) Aluminum 2S* 
Steel or iron 
Cast tron 


AND ALLOYS 


t Chromium-iron (passive) 
Silver 

Protected end Graphite 

cathodic or Gold 

most noble) Platinum 


Commercial pure’ aluminum, 


potential of a metal un- 
found in 


determine the 
der the conditions normally 
water works practice. 

A galvanic series is one in which 
metals are arranged in their usual 
electro-potential sequence in a given 
environment. Therefore, although 
there is only one emf series, there may 
be many galvanic series, each apply- 
ing to a given set of environmental 
conditions. In a galvanic series, like 
the abbreviated example Table 2, 
actual potential values are not given, 
as these vary widely with different 
environmental conditions’*. Metals 
that are grouped together in a gal- 
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vanic series have little tendency to 
form galvanic cells, while metals that 
are widely separated have a great 
tendency to form such cells when 
used together. 


Corrosion Cells 


Many kinds of electrolytic cells are 
capable of causing the corrosion of 
metal, but those most commonly en- 
countered in practice may be divided 
into a few basic types: impressed- 
current cells, galvanic or differen- 
tial-metal cells, concentration cells, 
differential-aeration cells, differential- 
temperature and differential- 
stress cells 

Impressed-current cells. It is well 
known that, in an impressed-current 
cell (Fig. 1), the current flow between 
the electrodes results in a loss of metal 
from the anode in with 
one of the following reactions, de- 
pending upon the current density 


cells, 


accordance 


Fe® > Fet+ + 2 
or: 
Fe® » Fet** + 3¢ (2) 
The rate at which the metal passes 
into solution is directly related to the 
rate of current flow between the elec- 
trodes. Faraday’s law states that the 
passage of 1 faraday of electricity 
(96,500 ampsec or coulombs) through 
an electrolytic solution produces one 
chemical equivalent of some chemical 
change at each electrode. Therefore, 
the passage of 1 faraday of electricity 
between the electrodes in Fig. 1 must 
cause one chemical equivalent if iron 
to enter solution from the anode. 
One chemical equivalent of change 
is also produced at the cathode for 
each faraday of electricity passing 
through the solution. The primary re- 
action at this electrode involves the 
removal of electrons from the metal 
through neutralization of hydrogen 
ions in solution: 
-H* + 2¢e— 2H” (3) 
This reaction results in the forma- 
tion of atomic hydrogen, which tends 
to plate out on the metal. The layer 
hydrogen on this electrode 
tends to interfere with the transfer 
of electrons from the metal to the 
solution and, therefore, must be re- 
moved in orde: for the reaction to 
proceed. This may be accomplished 
through the formation of hydrogen 


vas 


of atom 


2H > H,* (4) 


or through reaction between the atom- 
ic hydrogen and chemicals in solution 
in the water. The most common reac- 
tion of this type involves the atomic 
hydrogen and oxygen in solution in 
the water: 

4H + 20, 2H,0 (S) 
Other possible types of reactions be- 
tween hydrogen and the oxygen in so- 
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Fig. 4. Corrosion Cell on Surface of Submerged Iron 


The surface 


f a large section of metal may be covered by many such cells, the elec- 


trode reactions of which are similar to those discussed previously. 


lution have been suggested **. The 
neutralization of hydrogen ions in the 
solution at the cathode results in the 
production of alkaline conditions in 
the vicinity of this electrode. The 
metal ions or salts entering solution 
from the anode react with alkalinity 
and oxygen in solution to form iron 
oxides, known as rust. These oxides 
may be formed in the vicinity of the 
anode or cathode, or in a location 
remote from either electrode. 

The potential of a metal in water 
may be changed through the applica- 
tion of impressed currents, causing an 
increase or decrease in the rate of cor- 
rosion of the metal, depending upon 
the direction and magnitude of the 
applied emf*. This phenomenon can 
be observed in the external corrosion 
of pipelines by stray currents and in 
the cathodic protection of pipeline ex- 
teriors and other structures by applied 
emf. 

The corrosion of iron in water usu- 
ally occurs in the absence of im- 
pressed currents. Whitney’ showed 
that the corrosion of iron in water is 
electrochemical in nature, and Evans 
and Hoar* demonstrated that there is 
a direct relationship between the cur- 
rent flowing between anodes and cath- 
odes on a metal surface and the 
weight of metal lost from that sur- 
face. 

Galvanic cells. The emf and gal- 
vanic series show that, when different 
metals are introduced into a given 
environment, they have different 
tendencies to corrode, and display dif- 
ferent potentials. Figure 2 illustrates 
such a situation, with iron and copper 
immersed in the same aqueous solu- 
tion. Examination of a galvanic series 
(Table 2) reveals that copper may be 
expected to display more noble (cath- 
odic) potential than iron. If the two 
metals are connected electrically, the 
difference in potentials between the 
iron and copper results in a flow of 
current between the electrodes. This 
may be demonstrated by connecting 


the two electrodes through an am- 
meter, as shown, and measuring the 
galvanic current flow. 

In the cell shown in Fig. 2, the iron 
has the greater tendency to pass into 
solution, leaving electrons at the metal 
surface. These electrons pass through 
the metallic portion of the circuit to 
the copper electrode and are trans- 
ferred from the metal to the solution 
by neutralization of hydrogen ions in 
the solution. The atomic hydrogen is 
removed from the copper through the 
formation of hydrogen gas or reaction 
with oxygen in solution. In this cell, 
the iron serves as the anode (elec- 
trode at which takes place), while 
the copper functions as the cathode 
(electrode at which reduction takes 
place). The current flow that accom- 
panies the loss of metal from the 
anode is generated by the difference in 
potentials between the electrodes in 
the galvanic cell rather than by an ex- 
ternal source of emf as in the im- 
pressed-current cell. Therefore, the 
galvanic cell in Fig. 2 can be consid- 
ered—and, in fact, is—nothing more 
or less than a battery. The reactions 
taking place at each electrode are 
identical with those described above 
for the impressed-current cell. 


Concentration cells. From the 
Nernst equation previously given, it 
can be seen that the potential of a 
metal in a solution varies with the 
concentration of its ions in that solu- 
tion. As the concentration of metal 
ions in solution increases, it becomes 
more difficult for additional metal to 
enter the solution as ions. Therefore, 
a metal can be expected to display a 
more noble potential in the presence 
of a high metal ion concentration. 
Figure 3 shows two identical copper 
electrodes immersed in solutions of 
different concentrations of copper 
sulfate. As these electrodes are ex- 
posed to different concentrations of 
copper ions, they have different poten- 
tials. The electrode in the more con- 
centrated solution has a more noble 
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The potential of a metal in solution 
is affected by the concentration of 
ions other than metal ions. For exam- 
ple, a concentration cell similar to the 
one in Fig. 3 can be prepared by using 
two sodium chloride solutions of dif- 
ferent strength. This effect can also 
be observed with metals immersed in 
solutions different substances 
bases, salts, or gases). 

Differential-aeration cells. A dift- 
ferential-aeration cell is a special type 
of concentration cell which is of par- 
ticular significance in the water works 
field. The rate of the chemical reac- 
tion between the oxygen in solution 
and the hydrogen atoms on the metal 
depends upon the rate of access of 
oxygen to the metal surface. There- 
fore, if one electrode of a corrosion 
cell receives oxygen at a higher rate 
than the other, the polarizing layer of 
hydrogen on this electrode is removed 
more rapidly. The rapid removal of 
hydrogen facilitates the transfer of 
electrons from the metal to the solu- 
tion at that point, and this area of 
the metal becomes the cathode of the 
corrosion cell. The electrode that re- 
ceives less oxygen becomes the anode 
of the differential-aeration cell. This 
electrode suffers an increase in cor- 
rosion rate owing to the increased 
rate of depolarization at the cathode. 
The significance of this type of cor- 
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Fig. 5. Typical Corrosion Cells Found in Practice 
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n, and impressed-current cells. 
rosion cell in water works practice 
will be discussed more fully later. 
Differential-temperature and differ- 
ential-stress cells. Differences in tem- 
peratures and stresses of metals may 
result in the formation of corrosion 
cells. These types of cells may be im 
portant in initiating corrosion, but 
their effects are usually obscured by 
other, more significant kinds of cor 
rosion cells. Therefore, on a long 
term basis, differential-temperature 
and differential-stress cells are of 
relatively little importance, under the 
conditions usually found in water 
works. 


Formation of Corrosion Cells 


For the sake of clarity, the elec- 
trodes in the cells considered in the 
preceding section were assumed to be 
individual pieces of metal. The cor- 
rosion of a single submerged metallic 
object results from the formation of 
anodes and cathodes on the surface of 
the metal. Figure 4 shows, schemat- 
ically, a typical corrosion cell on the 
surface of a submerged sheet of iron. 
The anode and cathode of this cell are 
short circuited by the body of metal. 
It will be noted that the cell and the 
electrode reactions shown in Fig. 4 do 
not differ basically from those which 
have been discussed previously. The 
surface of a large section of metal 
might be covered by many such cor- 
rosion cells. The presence of local 
anodes and cathodes on the surfaces 
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of corroding metals has been demon- 
strated, and it has been shown that 
the amount of current flowing be- 
tween the electrodes and the weight 
of metal lost can be definitely cor- 
related*”’. 

The formation of a corrosion cell 
on the surface of a metal may be due 
to differences in metal composition, 
electrolyte concentration cells, or dif- 
ferential-aeration, -temperature, or 
-stress cells. Figure 5 shows a few 
typical examples of how such cells 
may be formed in practice. The first 
five (Fig. 5a-5e) are examples of 
differential-aeration cells. In each in 
stance, the portion of the metal that 
has freer access to oxygen acts as the 
cathode in the corrosion cell, while 
the portion shielded from oxygen be- 
comes the anode. 

Figure 5f shows a galvanic cell 
caused by connecting pipes made of 
different metals. Copper and brass 
are cathodic to iron, and, therefore, 
the iron pipe corrodes while the cop 
per or brass pipe acts as the cathode 
in the corrosion cell. Figure 5g shows 
conditions under which an electrolyte 
concentration cell may be encountered 
in the external corrosion of pipelines 
passing through soils or waters that 
vary widely in chemical character- 
istics 

Finally, Fig. 5h illustrates a com- 
mon example of corrosion by im- 
pressed current. If the water main 
may become part of the return circuit 
to a power plant furnishing electricity 
for a streetcar system, the portion of 
the pipe where the current passes 
from pipe to ground suffers an in- 
crease in corrosion rate. The corro 
sion rate of that portion of pipe at 
which no interchange of current takes 
place between pipe and ground is not 
affected, and the internal corrosion of 
the pipeline is likewise unaffected. 

The types of cells capable of caus- 
ing corrosion have been discussed in- 
dividually, but it must be stressed that 
two or more varieties may tend to 
occur simultaneously. For example, 
the concentration of metal ions under 
a tubercle (Fig. 5c) could be expected 
to be higher than in the water sur- 
rounding the tubercle. Therefore, con- 
sideration of the relative concentra- 
tions of metal ions would indicate a 
tendency toward the formation of 
a corrosion cell in which the area of 
metal under the tubercle would act 
as the cathode. The differential-aera- 
tion cell formed by the action of the 
tubercle in shielding a portion of the 
metal from oxygen tends, however, to 
result in the formation of a cell in 
which the area of metal outside the 
tubercle acts as the cathode and the 
area under the tubercle serves as the 
anode. 
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Fig. 6. Effect on pH on Corrosion of Steel 
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on the metal surface, or from the re- 
action of some chemical in solution 
rate with the alkalinity produced at this 
odes of electrode, resulting in the formation 
of an insoluble precipitate on the 

metal 
flow Anode films may be formed through 
water, and the electrodeposition of negatively charged 
oxides or inhibi-  jons or colloidal particles on this elec- 
netal surface. Within the trode, through sorption of chemicals 
xygen concentrations not on the metal surface, or through the 
in municipal and indus- production of an insoluble precipitate 
corrosion by reaction between the iron entering 
solution and chemicals in solution. 

Che formation of an anode film may 

result in the effective separation of 
regardless of minor v: . the metal from the water at the anode, 
compe sition or structure, cor stifling the anode reaction 
natural wa Under certain conditions, film 
at significance formation on a metal may be accom- 
ndustry, which panied by a radical change in the 
ron and steel potential of that metal to a more noble 
some real value. When a metal undergoes a 
sharp reduction in corrosion rate, ac 
companied by a shift in potential to 
a more noble value, it is said to be 
“passive.” 

Figure 6 shows the effect of the 
hydrogen or oxygen, pH of the water on the corrosion 
chemical reaction be rate of mild steel in the absence of 

lucts and ele the formation of protective coatings’. 

rrosive environment, The rate is essentially constant in the 

| by inhibiting agents range of pH 4—10 at 22°C. In this 
corrosive medium. Film range, the predominant cathodic re- 

} may occur preferentially at action is oxygen depolarization, and 
odes or cathodes of corrosion the corrosion rate is determined by 
over the entire surface of the the rate of supply cf oxygen to the 
Films on the cathodes of cor- metal surface. As the pH of the wa- 
Is may interfere with the ter is decreased below 4, hydrogen 
electrons from the metal evolution becomes a major cathodic 
tion. The formation of _ reaction. The increased corrosion rate 
result from the elec- at low pH values can be attributed to 

ot positively charged increased hydrogen ion concentration 
lal particles on the in the solution and the dissolving ac- 
sorption of chemicals tion of the water on any protective 
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layers of corrosion products on the 
metal. As the pH is increased above 
10, a protective layer of 
products is formed on the 
the surface reaction rate of the iro 
becomes lower, resulting In passivity 
of the metal and a decrease in the 
corrosion rate. The chemicals present 
in natural have a great 
effect upon the shapes of the curves 
in Fig. 6, through reaction with 
corrosion products and formation of 
protective coatings 
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Polarization 

In acorrosion cell, the d 
for the electrical curret 
the electrodes is the difference 
tential between the anode an 
cathode of the cell. From Kirchoff’ 


sect nd law 


f ¢ 
in which R, is the resistance of tl 
electrolytic portion of the circuit; FR 
is the resistance of the metallic por 
tion of the circuit; E 
(polarized) potential of the cathode; 
E, is the effective (polarized) poten 
tial of the anode; and 7 is the current 
flow between the electrodes 


is the effective 


The potentials of anodes and cath 
odes in corrosion cells may vary with 
the current flow through the 
This effect is known as polarization 
and is comparable to friction in a 
mechanical or hydraulic system. As 
the current flow through a corrosion 
cell increases, the potentials of the 
anode and cathode tend to approach 
a common value. Polarization of both 
electrodes would result in a shift in 
the anode potential in the cathodic 
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As the rate of corrosion of iron in 
water is usually controlled by the rate 
of the cathode reactions, the forma- 
tion of a protective coating that only 
partially shields the anode of a corro- 
sion cell from the. corrosive medium 
may have little or no effect on the 
rate at which metal passes into solu- 
tion. In these circumstances, incom- 
plete shielding of the anode may lead 
to a reduction in the effective anode 
area and to an increased rate of pene- 
tration of the metal. This results in 
more rapid failure of the structure 

Chemical deposits, as well as de- 
posits of biological organisms on the 
surface of a metal, may result in the 
formation of tubercles. Tubercles re- 
strict the access of oxygen to the sur- 
face of the metal, thereby establishing 
differential-aeration cells. The metal 
under a tubercle undergoes pitting 
attack, while the metal surrounding 
the tubercle serves as the cathode of 
the corrosion cell. The anaerobic con- 
ditions within tubercles favor the 
growth of the sulfate-splitting type 
of bacteria, even though oxygen may 
be present in the water outside the 
tubercle. These organisms are cap- 
able of utilizing cathodic hydrogen, 
thus causing microbiological depolar- 
ization, and they produce hydrogen 
sulfide, which reacts with the ferrous 
metal to form ferrous sulfide’ 

The formation .of protective coat- 
ings on the cathode of a corrosion cell 
under cathodic control results in an 
overall reduction in the rate of metal 
loss without increasing the rate of 
penetration of the metal, because the 
effective area of the cathode is re- 
duced. The formation of protective 
films on the cathode tends to restrict 
the access of oxygen to this electrode 
Simultaneous removal of corrosion 
products from the anode of the cor- 
rosion cell would result in the forma- 
tion of a differential-aeration cell, 
with the shield cathode becoming the 
anode of the new cell, while the area 
that was originally anodic but now 
has freer access to oxygen would 
serve as the cathode. It is evident that 
such conditions favor continuous re- 
versals of the potentials of anodes and 
cathodes on the metal surface. This 
situation results in a uniform attack 
of the metal surface over a period of 
time 

In solutions of low conductivity, 
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Fig. 8. Types of Corrosion Control 


Key: (a) resistance control: (b) 


cathodic control; 


(c}) anodic mixed 


control; (d) 


control. 


the anodes and cathodes are limited in 
size by the resistance of the electro- 
lytic portion of the corrosion cell. 
The surface of iron in a water of low 
conductivity is covered by a large 
number of small, evenly distributed 
anodes and cathodes, resulting in a 
relatively uniform attack on the metal 
surface. In a water of high conduc- 
tivity, the cathodic area serving a 
given anode may be much larger, 
owing to the lower internal resistance 
of the corrosion cell. Under such 
conditions, there are fewer corrosion 
cells on a given area of metal, and 
localization of corrosion is increased’. 

Stray electrical currents cause lo- 
calization of corrosion at areas where 
the current leaves the pipe. Localized 
corrosion may also occur near the 
waterline in storage tanks. 


Summary 


The mechanism of the internal cor- 
rosion of water pipes is of a very 
complex nature. The rate and dis- 
tribution of pipeline corrosion are 
affected by many variables, a few of 
which have been discussed briefly. 

The evaluation of existing corro- 
sion inhibitors and the development 
of more effective means for reducing 
pipeline corrosion are problems of 
prime significance to the water works 
profession. The solution of these 
problems can be accomplished only 


after a thorough understanding of the 
mechanism of corrosion and corrosion 
inhibition has been obtained through 
extensive research programs. In the 
light of such knowledge, it should be 
possible to design laboratory and field 
tests to evaluate accurately the exist- 
ing methods of reducing losses 
through corrosion, and to develop 
more efficient methods for controlling 
internal pipeline corrosion. 
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Main Tatnine and replacing sewage dis- 
posal equipment is too costly today to gamble 
on half-way corrosion control methods. And the 
only practical way to be swre of adequate protec- 
tion is through the use of durable, heavy-duty 
coatings. 

Pitt Chem Coal Tar Coatings fill that bill per- 
fectly. In plant after plant, sewage engineers have 
seen how these tough, impervious coatings pro- 
tect iron, steel and concrete against severest 
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less durable coatings. 

Our files are full of case histories on the use of 
Pitt Chem Coatings to solve sewage corrosion 
problems. Call for a Pitt Chem man to discuss 
them with you . . . and to show you how to add 
years of life to the equipment of your plant. 
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mately four years and has resulted in 
the definition of methods of analysis 
which are clearly of profound signif- 
icance in public health control meas- 
ures. 

Use of the filter is one of the sim- 
plest possible laboratory techniques: 
bacteria are concentrated on the sur- 
face of the MF when contaminated 
liquids are passed through the filter. 
These organisms may be cultured or 
grown on the surface of the filter 
when nutrients are provided. Thus 
the bacteriologist, for the first time, 
may concentrate organisms from a 
large volume of liquid and culture 
them on the filter surface into colonies 
in order to identify the specific types. 

Organisms that are concentrated 
and cultured in this manner may be 
counted with the naked eye in as little 
as 8 hours and positively identified 
within 16 hours. This is contrasted 
with other bacteriological culturing 
procedures, essentially as old as the 
science of bacteriology, which give 
comparable results only after four or 
five days. 

Che new MF procedures are much 
more sensitive, accurate, and reliable 
than former techniques. In providing 
earlier detection methods, the Army 
Chemical Corps has developed a new 
defense weapon which may be of in 
calculable importance 

It 1s note that in the 
light of highly exciting possibilities 
suggested by applying the MF to the 
bacteriological monitoring of water 
the problem of adapting 
methods was critcally approached 
with objectivity and a highly proper 
conservatism 

The MF procedures represent a 
radical change of methods from those 
that 
period of many years. It is significant 
that highly criteria were 
used in evaluating results, and that 
the methods were placed under test 
with a number of laboratories to es- 
tablish reproducibility of results 
under conditions varying with sea 


worthy of 


supplies, 


have been employed over a 


exacting 


sonal and geographical factors 
Clearly the official tentative status 
the MF method of water analysis 
which has been announced recently is 
in anticipation of its standardization. 
Before the MF method becomes the 
establishing potable water 
any complete abandon- 
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to confirm the valid 
ity of results in the hands of a large 
of laboratories to be certain 
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FILTER HOLDER is connected to portbale centrifugal pump for bacteriological analyses of portable waters and sewage. 


that no extraordinary circumstances 
or water conditions are 
evaluating the metthod, and also to 
establish that the method is workable 


and gives reproducible results in the 


overlooked in 


hands of technicians in these labora 
tories. On the latter score the simplic 
ity of the MF method as compared 
with the MPN (Most Probable 
Number) method which 
standard, little 

In the light of the foregoing it 
would seem that there should be 
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THE MILLIPORE FILTER CORPORATION 


announces the New 
FIELD MONITORING KIT 


A versatile new analytical tool greatly sim- 
plifies bacteriological procedures and _ in- 
creases sensitivity and reliability of results. 


The FIELD MONITOR pre-sterilized closed system, 
and equipment shown, represents everything re- 
quired for critical microbiological procedures. Sam- 
ples may be shipped to laboratory or incubated in 
the field. 


- 


FIELD INCUBATOR functions on 
6V or 12V (automobile) 
zs or 110V or 220V (house current) 


ADVANTAGES 


. Sample volumes may be large and representative. 


2. Shipment of liquid samples may be eliminated by filtering 
onto MF in Field Monitor at source, thus reliably preserving 
viable organisms. Samples forwarded for less than 3 cents. 


. Dishwashing and sterilization of apporatus and materials 
eliminated. 


. Laboratory facilities not required. 

. Media preparation elimincted with packaged ampuls, 

. Procedures virtually foolproof. 

. "Closed system" pre-sterilized components insure aseptic 


a procedures. 
: 8. Valuable professional time saved for more critical laboratory 


OBSERVATION and __ operations. 
IDENTIFICATION For further Information write to: 


MILLIPORE FILTER CORPORATION 
Watertown 72, Massachusetts 
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The Membrane Filter 


Advantages and Disadvantages 


Chief Engr. and Gen. Man. and Div. Engr., 


N RECENT ISSUES of Water 

and Sewage Works have appeared 
articles discussing the membrane filter 
technique for determination of bac- 
terial counts. 

One article dealt with the membrane 
filter in terms of its significance as a 
simple and accurate means of improv- 
ing water analysis. Another discussed 
some supposed inadequacies dealing 
with the testing of potable waters and 
tidal bathing areas. 

This paper proposes to relate cer- 
tain experience gained during several 
years use of the membrane filter, in 
the hope that it will shed additional 
light on the subject. 

It is certainly correct to note that 
there are shortcomings in the present 
state of development of the membrane 
filter technique. Indeed, most of the 
articles on the subject have been ex- 
ceedingly fair and conservative in 
evaluating the potentialities of this 
new laboratory tool. One of the best 
summaries of the advantages and dis- 
advantages of membrane filters for 
water potability control is contained 
in a recent report by Thomas, Wood- 
ward, and Kabler’. 


Some Objections: Some Facts 


With respect to potable waters, ob- 
jections from some are that large vol- 
umes of water must be filtered, that 
large sample bottles must be used, and 
that these are impractical for large- 
scale field sampling and for refrigera- 
tion during transportation. 

There is no reason why a sample for 
an MF determination need be any 
larger than one for lactose-broth in- 
oculation if comparable precision is 
sought. 

Thus, if a 50-ml portion of water 
contains exactly one coliform, one of 
the five 10-ml portions in lactose 
broth will be positive. In comparison, 
if the 50-ml sample is tested by the 
MF technique, one sheen colony will 
be produced. The MPN by the present 
standard method will be 2.2 per 100 
ml (or 10 per cent in error), whereas 
the MF result will be exactly 2 per 
100 ml. 

Suppose the 50-ml sample contained 
exactly 2 coliforms. Both could end up 


by A. M. RAWN and F. R. BOWERMAN 


Los Angeles County Sanitation Districts. 


in the same 10-ml lactose tube, giving 
an MPN of only 2.2 per 100 ml, or 
45 per cent in error. On the other 
hand, the MF would (barring coales- 
cence) still show two colonies, and the 
count will be 4 per 100 ml, or no error. 

A thorough statistical comparison 
of MPN and MF results is given by 
Thomas and Woodward?. They show 
that one of the major advantages of 
the MF technique is the increased 
precision made possible by filtration 
of large quantities of water. This ad- 
vantage in no way detracts from pre- 
cision in the analysis of equal volumes 
of water by either method. Hence it 
is not necessary to take larger samples 
for MF testing, although to do so will 
lead to improved precision. 

In deprecating large samples for 
field testing and in mentioning diffi- 
culties with refrigeration and trans- 
portation, one of the unique advan- 
tages of membrane filters is empha- 
sized. This new technique lends itself 
admirably to field testing. Portable lab- 
oratories are available commercially 
(and can be improvised readily ) which 
enable the technician to filter and in- 
cubate a sample within a few minutes 
after it is taken. 

Or, the sample can be filtered only 
and the MF shipped to the laboratory 
on a preservative medium at ambient 
temperatures. This procedure is re- 
ported by Geldreich, Kabler, et al* to 
give results comparable to the MPN 
test on refrigerated samples examined 
after 24 hours, and results better than 
those for unrefrigerated samples. 


The Question of Costs 


The cost of membrane filters is 
sometimes cited as a disadvantage. 
The contention that the cost of mate- 
rials for an MF test is greater than 
that of media required for an MPN 
determination is certainly correct; 
however, the labor factor and the sav- 
ings in glassware are overlooked. 

In their report, Thomas, Wood- 
ward and Kabler’ state: “The cost of 
the membranes should decrease sub- 
stantially as they come into more com- 
mon use. Moreover, the shorter tech- 
nician time per test with the MF 
procedure actually results in an over- 


all cost reduction.” 

There is no question but that the 
streamlined MF technique requires 
less labor per sample than the MPN 
procedure, and in today’s laboratories 
labor is the major factor in cost. 

It is interesting to note in this re- 
spect that the adoption of membrane 
filters in Germany during World War 
II was brought on largely by the 
exigencies resulting from mass bomb- 
ings and the shortage of trained lab- 
oratory personnel. With glassware 
shattered, and incubators at a premi- 
um, health departments of several 
cities such as Hamburg and Stuttgart 
found true economies of equipment 
and labor in the MF procedure. 

In the testing of non-potable waters 
the Los Angeles County Sanitation 
Districts have conducted bacteriologi- 
cal surveys of littoral ocean waters 
nearby their sewer outfall for over 20 
years and have made parallel tests with 
the membrane filter since early in 
1952. To date the Districts have per- 
formed over 8,000 membrane filter 
tests under field conditions and have 
had ample opportunity to compare 
labor and material requirements for 
both lactose fermentation tests and 
membrane filter tests. 

Early results of the testing proce- 
dure were outlined in a paper by 
Goetz, Gilman and Rawn*. Later find- 
ings have verified the conclusion that 
more than four times as many hours 
are required in the laboratory prepar- 
ing media, tubes and pipettes, reading 
tubes, transferring inoculations, and 
washing tubes for the lactose fermen- 
tation (MPN) procedure as are re- 
quired for the same number of tests 
using the membrane filter. 

Additionally, it has proved neces- 
sary to use some three to four times 
the number of pieces of glassware 
and equipment for the lactose fermen- 
tation tests as for the membrane filter 
techniques. These are based on MPN 
determination by two parallel four- 
step dilutions with subsequent con- 
firmation, compared with the mem- 
brane filter using an initial enrichment 
nutrient followed by transfer to 
Endo’s medium. 

1956 
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L. A. County San. Distr. Experience 


Field inoculation of lactose tubes 
has long been practiced by the Dis- 
tricts to obviate the necessity for re 
frigeration of samples and to avoid 
additional laboratory work subsequent 
to the day’s testing field 
inoculation on a pitching, tossing boat 
on the not too peaceful Pacific Ocean 
has tested the dexterity and skill of 
the technician. In fact, on some occa 
field inoculation has been im 


~ometimes 


s10ns 
possible 

[he membrane filter technique has 
proved much simpler under such ad- 
verse conditions ; and glassware break 
age, with subsequent loss of samples, 
has been almost entirely eliminated 
revealed that 
judgment must be exercised by the 
sampling technician to determine the 
size of sample most apt to yield a 
readable count on the membrane filter 
[his proved no problem when sam 
pling routinely in an area where the 
approximate concentrations of sewage 
be estimated from 


Early testing some 


~ 


in sea water may 


experi1ence 


Present procedure is to filter a 10 


ml sample within an area of about one 
mile from the point of outfall dis 
charge, with a 25-ml sample being fil 
tered at all other sampling points 

No necessity for taking decimal 
order to read coliform 
the membrane filter has 


densitie oI ¢ 


dilutions 1 


proved necessary subsequent to adop- 
tion of this sampling technique. Be- 
cause of the extremely wide range of 
numbers which can be counted on the 
membrane filter, it is probable that no 
more than two widely differing dilu- 
tions need be measured on the mem- 
brane filter for non-potable waters, 
unless such waters approach concen- 
trations of bacteria found in crude 


sewage. 


Controversial Aspects 


[he most controversial aspect of 
the membrane filter still remains the 
bacteriological significance of the 
membrane filter technique using 
Endo’s medium as compared with the 
lactose fermentation (MPN) test. 
The Sanitation Districts’ fairly 
lengthy history of parallel testing 
since early 1952 reveals certain nu- 
merical similarities, while, at the same 
time, revealing some perplexing 
anomalies 

lhe question is still considered moot 
as to whether the same organisms are 
counted in the two There is 
strong evidence that the membrane fil- 
ter is selective for E. coli in sewage- 
sea water mixtures, particularly if the 
coliform organisms have been exposed 
to the ocean environment for several 
hours. Since £. coli are the particular 
coliforms considered most representa- 
tive of pathogen viability, it seems 


tests. 


reasonable to say that the selectivity 
of the membrane filter with respect to 
E. colt is a point in its favor as an in- 
dicator of sewage pollution. Addition- 
al study will verify or deny this con- 
clusion. 

In the meantime, it can be said that 
the simplicity, ease, convenience, pre- 
cision, and speed with which the mem- 
brane filter test is completed, and 
meaningful bacteriological levels ob- 
tained, have been clearly demonstrated 
in the field and in the laboratory 
through almost four years of routine 
testing by the Los Angeles County 
Sanitation Districts. 
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Measuring Syndets in Water and Sewage 


Anionic detergents determined in 30 minutes by color test 


ANY sewage plant operators 

have recently reported difficul- 
ties in the treatment of sewages con- 
taining synthetic detergents. Exces- 
sive foaming and inefficient settling 
seem to be the most common problems 
caused by these compounds. 

There are three categories of de- 
tergents: anionic, cationic, and non- 
ionic. Only the anionic need be con- 
sidered as affecting sewage treatment 
plant operation because the use of 
anionic detergents far exceeds any 
others. 

The fatty acid soaps are included 
as anionic surface active compounds. 
However the reaction of with 
the calcium and magnesium present 
in sewage will render it harmless as its 
detergent properties are 
through the formation of an insoluble 
precipitate. These may 
rise as scum or settle as sludge 


S( ap 


destroyed 


spent soaps 

Since synthetic detergents are not 
affected by calcium and magnesium, 
nothing in the sewage will cause them 
to lose their power of detergency If 
the detergent concentration is high 
enough, the sewage solids may tend 
to remain in Lowered 
surface tension of the sewage results 
in the formation of foam 
aeration is employed, as described by 


Keefer. 


suspension 


whenever 


How to Measure Syndets 

With the 
synthetic detergents by the public, the 
need has developed for a simple, rea 
sonably accurate, chlorimetric method 
for the determination of these com 
pounds. Such a test should be 
that a sewage plant operator can easily 
manipulate. For this purpose, the 
photometric method described by 
J. H. Jones has been adapted to the 
comparator According to 
has been found that ‘sul 
‘sulfonated’ surface active 
form colored 
The reaction appears 


ever increasing use of 


one 


lavlor 
Jones, “It 
fated’ or 
compounds 
methylene blue 
to be: 

RSO 

anion 


salts with 


RSO. MB 


yred salt 


MB* 

cation blue-col 
These colored salts are soluble in 
chloroform and under suitable condi- 
tions can be quantitatively extracted 
from an aqueous solution without ex 
traction of any uncombined methylene 
The amount of 
compound may, theretore, be 
lated from the concentration of the 
colored salt in the chloroform.’ 


blue surface active 


cal u 


By SAMUEL D. FAUST 


ist, W. A. Taylor & Co Balt 


Sewage wastes contain numerous 
anionic detergents each with a dif 
ferent molecular weight. It was nec 
essary to select as a basic standard a 
compound whose weight was consid 
ered average. Molecular weights of 
the commercial products tend to con 
centrate around 250 to 350. We 
sodium laurvl sulfate as the 
standard because it has a 
weight of 288 and is available in a 
pure form. Standard solutions of 
the sulfate extracted and the 
resulting colors matched by 
varying the intensity of a stable blue 
solution. The concen 
tration of anionic detergents varies 
directly with the color: therefore, as 
the concentration increases the colo 


chose 


molecular 


were 
were 


inorganic salt 


increases 


Reagents and Equipment 


Reagents for the colorimetric test 


are: aqueous methylene blue indicator 
solution, chloroform USP, and con 
centrated hydrochloric acid. The de 
termination is carried out with a 50 
ml graduate, a 10-ml test tube, two 
funnels (A & B), a glass 
funnel, a glass stoppered bottle gradu 
ated with a 50-ml mark, three 5-ml 


test tubes, a comparator base and a 


separatory 


color standard slide containing stand 
ards representing 0, 1, 2, 3, 4, 5,6, 8 
and 10 parts pet 
(synthetic detergent ) 


million of syndet 


Procedure 


\ 10-ml sample of the material be 
ing tested is measured with the 10-ml 
test tube and placed in separatory 
funnel A. To it 10-ml of 
distilled water and five drops of con 


\ftet 


methvlene 


is added 
hvdrochloric acid 
milliliter of 
blue solution is added and the cor 
tents of the funnel are thoroughly 
mixed, To the resulting mixture is 
added 20 ml of chloroform 

The 


gently for 


centrated 
mixing, one 


separatory funnel is shaken 


then al 
The 
then 
1 


one minute and 


lowed to stand for five minutes 
chloroform (bottom) 
drained into separatory funnel B ane 


20 ml of distilled water is added 


laver is 


B is. shaker 
then al 


Separatory funnel 


minute and 


tor five 


gently for one 
riinute hie 
from B 4 ther 


filtered into the glass-stoppered hottl 


lowed to stand 


chloroform lave 


through a plug of cotton placed in thi 


glass funnel. The wash water. fron 


B is then discarded as this re- 


moves the uncombined methylene blue 


tl at nas been extracted by the chloro 


treated original sample ré¢ 
maining in funnel A is 
added an additional 10 ml of chloro 
form. The funnel is 
for one 


lo the 


separatory 


gently 
minute and allowed to stand 
five minutes. The chloroform (bot 
tom) drained into B and 10 
added After 

minute and 
allowing to stand for five minutes, the 
chloroform (hottom) layer is passed 


filter 


shaken 


lavet 


ml of distilled water 


. : 
gentl nhaking tor one 


cotton into 


l same 


lass stoppered bottle 


lhe operation outlined in the pre 
vious paragraph is repeated. Chloro 
rm extractions now total three, one 
and two 10-ml. The 


washed with a 


20-ml funnel and 
small 
is col 
lj ol; hottle 
he extract is then made up bv adding 


orotorm which 


elas stoppered 


rotorm to exactly 50 ml in 


11 P 
sTOnMNperTrer otic 


and 1S mixed 


Compare Color With Standards 

5-ml filled with 
blue chloroform solution and 

ced in the hole back of the 


] 1 
Hottom of the 


\ dry 5-ml test tube is 


] middl 
ots in the comparato1 
[wo other 5-ml test tubes are 
and 


holes 


ar colorless water 


remaining two 
slots in the hase 


‘ 


indard slice is placed 


base and holding the instru 
ird a source of davlight, the 
ront of the test 

tch is obtained. The 

parts per million of 

in1onK surtace active 
is then read directly from the 


the slick 


com 


reading 
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Soon RS the 


extrac 


tion ( ashing procedure 


is com 


pleted rm solution will 
ue to the action 
time required to make 


t is twenty to thirty 


Development of Test 


erfect this procedure 
solution 
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subdivided into several 
Among those studied are: 


1. alkyl Dreft, 
MP 189 
2. alkyl sulfonates: 

3, OT, AY 

3. alkyl aryl sulfonates: 
K. DS. SK bead: Vel 

4, alcolol sulfates DuPonol 80, 
Sufanole FAA 

salt alkyv! aryl sulfonate: 
Sulfanole KA 


groups. 


sulfates: DuPont 


MA, 


Aert St yl 


Ultrawet 


| » paste, 


5 amit 


6. alkvl arvl poly 


ether sulfate: 
iton 771 

7. alkyl aryl poly ether sulfonate: 

¥-200 

All these con 

uct with methylene blue 

ita were difficult to obtain 

use of extenders (such 


lriton 


mercial detergents were 


ate), uncertain molec 
concentra- 


I low ever 


unknown 
detet gent, et 
to determine 
test 


our main purpose 


not the 
] 


wsecd 


was 
whether o1 colorimetric 
over a wide range of 
that 
suffi 
deter 


nds. Our conclusion 1s 


cedure 


the pr 


devel yped 1S 


ciently accurate for sewage 


minations 


Practical Tests on Sewage 

sewage were obtained 
treatment plants and 
were examined for detergent content 
table I hey 
from plants where dif- 
and 
noticeable 


1 
Samples ot 


trom sever il 
as noted were sub 
mitted 
ficulties a ing experienced 
trom pli } 


troul le 


iving no 


| that the test results 
Back 
Plant correspond very « losely 
Keefer The 
method 
rified by taking a 50-ml sample 
filter effluent contain 

f svndets and evaporating 


» bath to 25 ml 


om Baltimore's 


—t reported by 

if the colorimetric 

was v¢ 
the tricklin: 


Extraction 
ind a reading of 2 ppm was 
Alsi amounts of 
| Renal 


sodium tau&ry 


obtained known 
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effluent sample containing only 
f Proper dilutions 
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8 ppm subsequently 


f detergent 

ng effluent 

1, 5 and 

were verified by 
Addition done at 
Hagerstown Disposal Plant under 
Mr. Don Croft 
correlating the de 


extractions 


work ts being 
supervision of 
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f sewage to time and 
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blue solution and of 
has negligible effect on 
Enough blue 


ill the 
the first 


wash 


recovery methvlene 


must be used to combine with 


syndet, and the solution in 
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TAYLOR outfit for determination of synthetic detergents in sewage. 
Color comparator, glassware, and reagents required in 30 min. test 


funnel must be acid in order to pre- 
vent the extraction of methylene blue 
base which would produce a violet 
solution in chloroform. The indicator 
is slightly soluble in chloroform, but 
washing always reduces the 
blank to a low value. The stability of 
the indicator solution has _ been 
checked over a period of a year, 
and the indicator was found to be 
stable if kept in a tightly stoppered 
bottle 

Basically the comparator 
consists of a plastic slide housing the 
permanent standards which are guar 
anteed against fading and a Taylor 
pH base to hold the extracted sample 
for comparison. Reagents, glassware, 
and a source of artificial daylight are 
supplied. Principal advantages of the 
method lie in the simplicity of opera- 
tion, saving of time and labor, and low 


a single 


syndet 


cost 
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Table I 
SYNDETS IN SEWAGE 
As Measured by Colorimetric Test 


Plant Raw Sewage 
Baltimore, Md 1.5 ppm 
Towson, Md 0 ppm 
Hagerstown, Md 75 ppm 
Bridgeton, N.J 2.0 ppm 
Collingswood. N.J ) ppm 
Barrington, N.J T 

Gloucester City, N.J 8 ppm 
Westmont, N.T & ppm 
Woodbury, N I 2 ppm 


Tank Effiuent 


Primary Final 


Effiuent 


Trickling 
Filter Effluent 


1.0 ppm 


5 ppm 
c 


1.0 ppm 
1.0 ppm 
ppm 1.5 ppm 
1.8 ppm 
3.0 ppm 


2.5 ppm 





V. WATER WORKS OPERATIONS 


A NY MAN charged with the super 
vision of water works opera- 
tions must be a man of many talents. 
From the procurement of the supply 
to ultimate delivery of the water to 
the user, operation of a water works 
system utilizes many both 
pure and applied. Among the better 
known are physics, chemistry, hy- 
draulics, engineering of all kinds, and 
bacteriology. Among those perhaps 
less recognized are limnology, psy- 
and 


sciences, 


chology, economics, _ statistics 


many others. 


Source of Supply 

The ultimate source of water is the 
ocean from which water evaporates 
to form clouds, from which, in turn, 
water precipitates as rain, snow or 
hail. From this precipitation all wa- 
ter supply for human use is derived. 

The amount of water falling on 
the United States in a year reaches 
a fantastic figure of 432 trillion gal- 
lons per year. More than 72 per cent 
of this amount evaporates leaving less 
than 28 per cent to into the 
ground or accumulate in the surface, 
(about one-third remains in the un- 


seep 


derground strata). 

Unfortunately the precipitation of 
rainfall (and storage) is not equally 
distributed throughout the United 
States. For instance, 60 per cent of 
the U. S. receives less than 30 per 
cent of the total precipitation. Thus, 
the basic reason for water shortages 
in various sections is evident. 

In surface water supplies, the 
greatest source is streams and rivers, 
although ponds and lakes also serve 
as ample sources in many instances. 
On streams and rivers, impounding 
dams are used to create artificial 
lakes or reservoirs to capture stream 
rainy seasons 
use in drv 


excesses during 
them for 


flow 
and 
weather. 

The construction and operation of 


store 


impounding reservoirs embraces such 
factors as yield, site preparation, re 
quired capacity, evaporation losses, 


siltation, effect of storage on water 


quality, water shed sanitation and 
other problems. 

Ground water results from percola- 
tion of rainfall into the ground until 
it reaches an impervious stratum. 
The quality of ground water depends 
on the substances with which it 
comes into contact during percolation 
or lateral movement in aquifers. 

Ground water be taken for 
water supplies from springs, shallow 
wells, infiltration galleries, or 
wells. The location and construction 
of wells requires a specialized know 


may 


deep 


ledge of geology, as well as consider- 
ations of conditions, the 
spacing of wells, well drilling, and 
protection. Operation of well supplies 
involves considerations of capacity, 
ground water flow, development pro 
tection against pollution and mainte 


Sanitary 


nance of output 


Treatment 

Natural 
in the chemical 
contain dissolved gases and 
suspended matter and living organ 
isms. When the presence or concen 
tration of these foreign matters in 
water, makes it undesirable for hu 
man consumption or industrial use, 
it must receive treatment. The kind 
and extent of that treatment is dic 
tated by two considerations; the use 
to which the water will be put and 
the concentration of the foreign mat 
ter to be removed 

In the case of surface supplies, 
water may contain all of the types 
of foreign matter mentioned ; ground 
waters, on the other hand, usually 
are free of turbidity, taste, 
odor and bacteria, but may contain 
solids and 


never 
they 


waters are pure 


sense ; may 


solids. 


color, 


dissolved 
To render 
to make it 
in short, to make it clean, clear, and 
bacteria, taste, and 
necessary to remove 


gases 
a water potable means 
acceptable for drinking: 


free of harmful 
odor. It is not 
all dissolved minerals to obtain drink 
ing water, (in fact, 
moval of dissolved minerals is unde- 
sirable). Industrial waters, however, 
may require extensive treatment, par 
ticularly water is used for 


sometimes, re- 


where the 


—Ss— 


chemical processes or boiler feed. 

It is apparent that water treat- 
ment consists of techniques for re- 
moving these foreign 
matter constituents. These techniques 
coagula- 
disin- 


undesirable 


involve several processes: 
tion, sedimentation, filtration, 
fection, taste and odor control, water 
softening, corrosion control, and iron 
and manganese removal. Not all of 
these processes are utilized in every 
water plant, but collectively these 
processes are called water treatment. 
The these 
processes produces the quality of wa- 
ter desired, but proper operation de- 


successful operation of 


pends on careful laboratory control. 


Distribution 

\fter water has been procured and 
treated, if necessary, it is transported 
to the point of use. This transporta- 
tion is accomplished through a dis- 
tribution dis- 
tributing reservoirs, transmission 
mains, distributing or arterial mains, 
minor distributors, laterals and serv- 


system consisting of 


ice pipes. 

Booster stations, valves, hydrants, 
flow meters, and consumer meters are 
accessories to a distribution system. 
\ll parts of a must 
signed to supply the demands put 
it under conditions of 


system be de 


upon greatest 
possible use, which means under con 
ditions of fire fighting requirements. 
Operation of distribution systems 
covers such problems as sizing and 
installing mains, and services, waste 
water and leakage, loss of carrying 
capacity, cleaning and lining, ete 


Other Operations 


In addition to these 
of source, treatment and distribution, 
super 


main topics 


the water works manager or 
intendent must be familiar with pumps 
and pumping, flow measurement, in 
strumentation and control, corrosion 
control, laboratory control, and man 
agement. Discussions and articles on 
these various phases of water works 
operations are found in appropriate 
sections in the Reference and Data 
Issue of Water & Sewage W orl} y 
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Our Dwindling Clean Water Supply 


How water shortages affect our municipal and industrial expansion 


YW ONI disturbed, the 


t of a dwindling water sup 


easily 


ply may easily lead to a cry of “wolf.” 
W hile 

ssary in some cases to arouse the 
thankful that 


not often resorted to, 


such a cry may seem almost 


citizenry, we may be 
such tact are 
since they accomplish very little to 


ward the solution of an engineering 


problem \ 
prey ailing 


more rational approach 


engineers faced 


among 


with the solution of a difficult water 
supply problem would include a thor 
the and 
supplies, 


most advanta 


analysis of quantity 


ough 
quality of available along 
with the cost of the 


geous solution 


Water and Our Economy 

the March 1954 issue 
reviews dra 
national water situation, 
s it relates to industrial 
Bello 


water 


An article in 
or / wreieiine 
matically the 


Magazine 


particularly 


needs. Francis has prepared 
this audit of 


lo maintait 


resources 
the average man in the 
United States requires about fifteen 
hundred tons of fresh water per year 
Of all food, fuel, 
sand and 
requires only about 
About one-third of this 
of water is lost in plant 


mate rials 
lumber, 


othe 
metals, plastic ~ 
gravel—a man 
eighteen tons 
total amount 


transpiration while 


and 
is returned in 
leanliness, to the 
streams. The total amount of 
hundred tons per year 
does not the volume 
used in the 


evaporation 
the remaindet volume, 
if not im « nation’s 
water, 
hitteen per 
apita include 


(seven times as 


great) 
ion of hydroelectric 

Water is unquestionably the cheap 
est commodit 


old by 
| 


neasutre it ( iry to demon 


powel 


quantitative 
trate 
this to yourself, try to lift a penny’s 


worth of it sometime. Before such an 


W.&S.W REFERENCE & DAaTa—1956 


by RALPH E. FUHRMAN 


2 1 Waste Assn... Washingt 


x 1. Wa VV 


effort, however, I suggest a thorough 
physical examination and perhaps a 
mental examination by competent 
members of the medical profession. 
Even at the substantial rate of twenty 
cents per thousand your 
“penny’s worth” would weigh over 
100 pounds 


gallons, 


Division of Water Industry Costs 


billion-dollar-a-day national 
economy, total water run 
much less than one per cent, with the 
city approximately 
one-seventh of one per cent or $500 
\griculture’s share 
than half of the 
remainder of our 


In our 
costs of 
dweller’s share 
million per year 
of the 
dweller’s. The 


cost 1s less 
city 
$3 billion national water bill is borne 
by industry 

Another measure of the size of the 
water industry is the huge investment 
in water supply and distribution fa 
cilities \t the this 
amounts to about forty billion dollars, 
of which $7.5 billion represents pub 
lhe ratio between 
and the investment 
to produce it, has been 
reduction 


present time 


lic supplies low 


annual income 
necessary 
cited as one reason for the 
in privately-owned water systems and 
the increase in publicly owned SySs- 
tems 

On a national scale there is no need 
to feel that the United States is run- 
ning out of \t the same time 
it must be appreciated that the seven- 
teen about 
seventy per cent of all the water they 
expect to cle velop at reasonable 
water 
if border 


water 


western states are using 


hay 
\rizona 1S more 
al\ ulable 


Calitornia 


cost using 


, 
than 1 within 
considered bringing 


from the Pacific northwest to 


future 


water 


meet demands. Texas is con 


sidering bringing water from the 
Mississippi. 

At the present time, in many parts 
of the United States, it is necessary to 
practice conservation measures that 
are completely unknown in other 
parts. The natural emphasis placed 
on water shortages, like the New 
York City case of 1950, may lead to 
hasty conclusions if applied to other 
places without thorough analysis. 


Water Supply—National Problems 


In very recent there have 
been several significant efforts at por- 
traying the overall problem of water 
supply for the United States on a 
national basis. In 1950 the President’s 
Water Resources Policy Commission 
issued its voluminous report entitled 
“A Water Policy for the American 
People.” In June 1952 the President’s 
Materials Policy Commission studied 
the materials problems of the United 
States and their relation to the free 
and friendly nations of the world. 
Such a study necessarily included a 
consideration of water resources. 
These primary studies, supported by 
more detailed investigations and re- 
ports by the U. S. Geological Survey 
and the U. S. Public Health Service, 
give a plentiful supply of information 
on this subject. 


years 


The mid-century conference on re- 
sources for the future held in Wash- 
ington during December, 1953, in- 
cluded one section devoted to water 
resource problems. All of these re- 
ports should be required reading for 
industrialists and engineers who have 
or ever may have water supply prob 
lems. The reports present data like 
those just stated, but also point out 
that information is incomplete, par- 





Fortune Magazine 


POLLUTION load of municipalities and industries, based on oxygen depletion. 


ticularly as to non-consumptive water 
use. Even with this shortcoming, we 
must accept them as the best avail- 
able until the future brings additional 
information. 

President Truman’s Materials Pol- 
icy Commission concluded that by 
1975 the United States may be using 
as much as ninety per cent of all 
water than can be developed at rea- 
sonable cost. Apparently this con- 
clusion did not differentiate between 
the consumptive and nonconsumptive 
uses of water. The ordinary munici- 
pal and industrial use of water is 
nonconsumptive, that is, substantially 
equal volumes are discharged to sur 
face streams after use. 

On the contrary, irrigation returns 
to streams or groundwater only about 
one-third of the volume used; while 
the remainder is lost through evapo- 
ration and transpiration. The Policy 
Commission estimated that the 1975 
water demand would be nearly double 
the 1950 water demand. The increase 
in irrigation expected for the same 
period is substantially less. Much of 
the increase is expected to come from 
the cooling water requirements of 
electric generating stations; such sta- 
tions are expected to quadruple in 
capacity during the 25-year period. 
Fortunately, this use does not dimin- 
ish the water supply; but it does re- 
turn the water to the stream at an 
elevated temperature. Though this 
factor cannot be considered desirable, 
we are far better off to have tempo- 
rarily warm water than to have no 
water. 


Regional Aspects of Water Supply 


As described in the Fortune article, 
there is a great difference between the 
demand and supply pictures when the 


the 
com- 


states 
states 


seventeen western and 
thirty-one eastern are 

pared. For this comparison, the Lou 
isiana to Minnesota column of states 
and all those eastward are differen 
tiated from the western states. The 
average annual precipitation on the 
whole United States is 4,300 bgd 
(billion gallons daily). The average 
runoff and percolation is 350 bgd di 
vided between the 17 western states, 
and 900 bgd divided between the 
thirty-one eastern states 


About two-thirds of the western 
states’ run-off is, unfortunately, con 
centrated in the Pacific Northwest 
a long way from arid southern Cali 
fornia. Based on a 1950 U. S. 
logical Survey Study, the seventeen 
western states use about 77 bgd for 
irrigation. This is nearly equal to the 
East's total use of 80 bgd. Of the 350 
bgd in the seventeen western states 
120 bgd, or thirty-four per cent, are 
considered to be economically avail 
able. Since 50 bgd are used consump 
tively, and 35 bgd are used noncon 
sumptively, an additional 35 bgd 
could still be developed at a reason 
able cost 


Geo 


In the 31 eastern states, a some 
what brighter picture is presented. Of 
the 900 bgd total runoff, 225 bgd or 
25 per cent are considered potentially 
available with 80 bgd as the present 
use. Of this, only 7 bgd are used con- 
sumptively. As the result, the remain 
ing 73 bgd are potentially available 
if a combination of hydrowaste treat 
ment, with or without natural purifi- 
cation, will allow further use of this 
water. The increased potential of 
new supplies available is 155 bgd in 
the eastern states 


Increase in Water Needs 


In the twentieth century the with- 
drawal of water in the United States 
has about doubled on the average of 
every twenty-five years. We should 
have a wholesome concern about our 
clean water supply. The withd:awal 
of water is unlikely to double in all 
parts of the country by 1975, but it 
appears that increasing per capita 
consumption to support our con- 
stantly rising standard of living will 
impose this overall demand on water 
supplies. We may do well to inquire 
into the possible methods of meeting 
such a situation. In the parts of our 
country where water resources can 
supply this additional withdrawal 
there is no problem. In other parts of 
the country it appears that more and 
more future water needs must be 
solved by recirculation, reclamation, 
or, in general, the better use of exist- 
ing supplies. 


The West must decide whether it 
wishes to use its water resources for 
the comparatively low value of prod- 
ucts produced by irrigation or whether 
it will prefer to use its water in the 
production of goods with greater dol- 
lar value per gallon of water used. 
The East must make decisions as to 
the extent that cities and industries 
will be allowed to continue the whole 
sale defilement of streams by pollu 
tion. 


Methods of Water Conservation 


Reclamation of used water is gen 
erally practiced only where reclama- 
tion is cheaper than the cost of 
additional supply. One of the best 
examples of this practice has been 
the reclamation of Baltimore sewage 
plant effluent by the Bethlehem Steel 
Company for use in steel production 
at the Sparrows Point Mill. The steel 
mill adopted this practice as the re- 
sult of an extreme ground water 
shortage caused by over-pumping in 
the area. While present use amounts 
to about 60 mgd (million gallons 
daily), plans are being made to re 
claim the entire volume of treated 
sewage of the City of Baltimore, ap 
proximating 150 mgd 


Surely an outstanding use of water 
conservation and reclamation is that 
of the Kaiser Fontana Steel Plant 
near Los Angeles. This plant draws 
on local ground and surface waters 
as well as sewage from the nearby 
community. At a result, the mill pro 
duces steel with a water use of only 
two per cent of the conventional 
65,000 gallons per ton of steel. The 
technical literature in recent years 
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supply 
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Fortune Magazine 


WATER CONSUMPTION in the United States (left), and a comparison of water demand with water supply (right). 


examples though 
ilation of streams by 

impounding reset 

provide a_ large 
anded water needs 
In the East, par 
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ould result 


avail 
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Ground Reservoirs are Important 


lopmer ground 


t of 


is possible 


new 
even 
much about over 
water in many loca 
an equilib 


will have 


ocations 
nd outflow 
Many areas where 
rvoirs could be 
nfortunately, not in 
other 


] - 
1OCa 


rest 


ve available the 
a good industry 
watcr—namely labor, 
nd raw materials. | he use 


reservoirs can be 


ground 
mendously by the use of 
While this 
the volumes 
make much 
by prevent 
along 


irging 

sustain 

may also 

es available 

usion of salt water 

Pacific and Gulf coasts 

of augmenting future 

include importation of 

rea where it 1s plenti 

fall, the production 

wa from sea water by 
distillation or iron 
use of substitutes for 
the case of the latter, 


exchange, or the 
fresh water. In 
salt water may 
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be used for cooling if the cost of 
fresh water is too great. Air cooling 
as does the 
cooling 


offers another possibility 
use of closed circuits tor 


purposes 


Municipal and Industrial Expansion 


The effects of the nationally dimin 
ishing water supply have, in the cur- 
rent industrial been most 
favorable economically to the south- 
eastern United States. The effects on 
municipal and industrial expansion 
can hardly be separated. Since indus 


boom. 


try is the principal reason for the 
development of cities, municipal and 
industrial water supply problems tend 
to merge 

The Materials Policy Commission 
pointed to the potential additional 
water supplies as being proportion- 
ately greater in the nine southeastern 
states than in the twenty-two north- 
eastern southeastern 
states include Louisiana, Arkansas, 
Tennessee, Mississippi, Alabama, 
Florida, Georgia, South Carolina, and 
North Carolina. Availability of water 
has undoubtedly played a vital part 
in the South’s industrial growth, 
which reached the astounding rate of 
one new multi-million dollar plant 
during each working day of 1951. A 
at this area is sufficient to ob- 
strong shift from the tradi- 
economy to an 


states. These 


glance 
serve the 
tional agricultural 
industrial economy. 

Another aspect of the renaissance 
of the South is less obvious but of 
great importance. That aspect is in- 
dustrial research which has actually 


pointed the way for the great indus 
trial expansion. Such research must 
become and remain mindful of the 
obligations in the field of water pollu- 
tion. This mean research 
only to study treatment methods to 
which hydrowastes will respond; 
treatment should be the last resort 
The fundamental good for the 
servation of all resources of the re- 
gion would be accomplished most by 
which (within the 
would reduce 
The next choice 


yielding 


does not 


con 


use of processes 
limits of economy) 
waste to a minimum, 
would be to use processes 
usable byproducts. 

It is my hope 
dustries and the 
public research laboratories in the 
south will do their very best to de- 
technological information es- 
solution of stream 
further 


that sourthern in- 


private as well as 


velop 
sential to the 
pollution problems. 
hope that southern and 
municipalities, as and 
regional water pollution control au- 
thorities, will toward the 
same end. If this course is followed, 
the ceiling of ultimate industrial de- 
velopment of the will be 
raised greatly. If it is not, most of 
those present may live to see the 
degradation of southern streams to 
an extent characteristic of other parts 
of our country. The Materials Policy 
Commission suggested that by 1975 
water supply may bee the most im- 
portant factor affecting industrial 
location. 


It is my 
industries 


well as state 


cooperate 


region 





Quality Control of Water From Watersheds 


by ALFRED T. NEALE, and E. F. ELDRIDGE 


Respectively, As 


ATERSHEDS are the. source 
of a great many municipal and 
industrial water supplies. Many of 
these watersheds exist today in the 
same condition as they did before 
their use by human beings. Hundreds 
of millions of gallons of water are 
used daily by communities and indus- 
tries. In some cases, only the barest 
minimum of treatment or purification 
is necessary to provide a quality of 
water suitable for these purposes. A 
great many watersheds have been par- 
tially or completely logged. The cut 
over lands are in various 
regrowth, or have been converted to 
other economic uses. The protection 
of these water supply watersheds is 
becoming more and more important as 
water demands increase and as it be 
comes necessary to look to surface 
sources to supply this demand 
In the economy of some areas, the 
effect of watershed activities on the 
natural spawning and development of 
fish is of equal importance to the 
effect on water supply. The problem 
also involves flood control, industrial 
and agricultural uses, and the water 
rights of many small water users. The 
need for control exists in the upper 
reaches of the drainage basins, if ade 
quate protection is to be given to the 
varied uses of these watershed waters 


stages of 


Activities Influencing 


Water Quality 


The continual industrial develop 
ment and the rapid growth of com 
munities demand increasingly larger 
quantities of high-quality water. Con 
siderable concern is expressed by cer 
tain watershed managements regard- 
ing the problems arising from the in 
creasing use of the watershed by the 
public, and especially by highways and 
railroads. These activities tend to 
affect the sanitary quality of the water 
as well as its physical characteristics, 
such as color and turbidity. 

In many cases, however, activities 
associated with the logging industry 
have by far the greatest effect on 
water turbidity and, in some cases, 
water quality. The reason for the 
great bulk of sediment which is car- 
ried downstream from logged water- 
sheds is often due to improper 
location and construction of road sys- 
tems. This is not necessarily delib- 


oc. Engr. and Ch. Engr., Wash. Pollution Control C 


erate on the part of logging compa 
nies, but is due largely to the lack of 
understanding of the over-all prob- 
lem. Road location is often chosen 
without regard to water interests. 
Roads are built on the edge of stream 
channels and the overcast material is 
dumped in the stream. Often drain- 
age methods are improper, culvert 
spacings unsatisfactory, and no atten- 
tion is paid to soil stabilization. 

Other logging operations which af 
fect water quality are unsatisfactory 
yarding methods, and the deposition 
of slash and debris in channels. Soil 
leachings from areas which have been 
burned over contribute to color and 
sediment to some water supplies. Bar- 
riers, impassable to fish migrations, 
are formed by debris in channels. The 
barriers so formed have been known 
to remove large areas of spawning 
beds from production. 

Other activities which may impair 
water quality from watersheds are 
mining, gravel operations, improper 
agricultural methods, grazing, and 
some recreational activities. Railroads, 
hydroelectric power and flood control 
projects may also contribute to the 
watershed problems 

It is not expected that these activ 
ities will be discontinued in order to 
protect the quality of waters supplied 
by the watersheds. This obviously is 
not reasonable or possible except in 
certain cases where the watershed is 
completely owned by the water user 
Even in these cases, complete elim 
ination of watershed uses is not al 
ways feasible or desirable. 


Suggested Control Measures 


Certain reasonable corrections, 
however, can be made which will af 
ford at least partial protection of the 
water quality. Such corrections have 
been accomplished in many water- 
sheds. Methods of logging and road 
construction have been altered with 
the result that the water supply was 
improved. Other cases of correction 
have been achieved in watersheds 
above fish spawning areas. Much 
more correction is needed, however 
It is the primary purpose of this 
paper to suggest methods by which 
watersheds supplying water for fish- 
eries, hatcheries, and other uses re- 
ceive adequate protection. These sug 


gestions are based on methods already 
in use, or advanced as a result of 
studies made of various problems. 
For the most part they should be 
considered as constituting the mini- 
mum requirements. All suggestions 
will not apply to any one watershed, 
but will need to be adapted to condi- 
tions. In cases they may not 
provide adequate protection, and 
more detailed requirements may be 
desirable. 


some 


Sanitation Measures 


1. Portable chemical toilets should 
be provided for isolated work groups, 
such as temporary logging camps. 
Effective sewage treatment and dis 
infection facilities should be provided 
for permanent and semi-permanent 
installations in watersheds. 

Other temporary camps [for 
sheep herders, hunters and fishermen, 
small mining operations, and camp 
ers] should provide subsurface waste 
disposal facilities located at an ade 
quate distance from iijowing water. 

3. On water supply watersheds, 
periodic inspections of sewage dis 
posal facilities and their operation by 
competent personnel should be a part 
of the water quality protection pro- 
gram. 

+. Additional sanitation require- 
ments are necessary for transconti- 
nental railways operating in one or 
of the major water supply 
watersheds. The sanitation problem 
arises when, in the wintertime, sew- 
age solids become frozen to the car 
undercarriage. These solids are later 
deposited upon the tracks and on 
bridges in the watershed area. They 
then may find their way into the 
watercourses by action of snowplows 
or by subsurface runoff. A way of 
correcting this problem is to install 
holding tanks with sufficient capacity 
on cars to allow for disposal to mu 
nicipal sewer systems at the various 
railway stations and terminals. 


Erosion, Turbidity and Silt 


Much can be accomplished to pre- 
serve the productive values of sur- 
face waters if continued consideration 
is given to the erosion problem from 
the initial planning stages until the 
watershed logging operations have 
been completed. 


more 
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location both of the road net 
and of the various cutting areas 
ation to the entire 


1 be established in 


watershed 
advance 
such a manner as to minimize the dis 
turbances to the terrain. This pra 
tice will lessen the problems of silta 
tion and erosion. Cutting boundaries 
and spur 


laid out with due regard to conditions 


landings, roads should be 


topography, soil and climate, 
o avoid disturbance to sticam 
ls. Also, the 


accumulation and melt must 


ettects i snow 


di ainage, 


key t out 


into account to handle 
that muddy water is 


1 ' 
cnanneis 


Logging Roads 
should 


stabil 


Some of the f ictors which 
influence road location are the 
e parent rock, soil overburden, 
char 
should 
from stream courses 
eep gradients and 
fills should be 


ity of t 


and the texture and dramage 


acteristics of the soil. Roads 
located away 
exces 
avoided 
protect both the stream and 
Consideratio1 
locating r 
where tl 
1 


, 
idges 
1enNce 


to adversely inf 


| } 


in where road Malti 


] 


teatures ot road construc 


idversely affect water quality 
recautionary measures ar¢ 
and d 


vet be deposited directly into 


Excess dirt epris 


stream, nor placed below th« 
l yf the channel, since 
dow! 


x subsequent flood con 


uring 
1 | 
ly 


it slopes should be 


eventually be washed 


| 
propel 
to reduce the slum 


ge, unstable cut-and-fill 
] 


1 be mulched and 
hat vegetation will becon 
1 


and ero 


seeded 


direct 
id silty waters t 
Wher 
1 be adequately bal 


necessary 


accumulation of 
: 
waters whicl Cal 


id water courses 


icent 


Road Drainage 


yper use of culverts on 


in important phase of 
) minimize stream dis 
eral recommendations 

ts are as follows 


ulverts 


At | id crossings, < 
unless the 


should be installed 


sufficiently permeable and 


permit minor storm flows 
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with pollution control, 





This article by Messrs. Neale and Eldridge will be of interest to 
those engaged in the field of water supply and also to those concerned 
Watersheds seldom are entirely owned and 
controlled by water departments. Where ou nership either is private 
or by state and Federal agencies, control must be supported and some- 
times initiated by pollution control agencies. In addition, watershed 


protection involves implications beyond water supply alone. 








through without « ion and siltation. 
Wherever lrainage 
should be bench areas for 
settling. Drainage also should be rout- 
w unstable ; to avoid sat- 
rosion 
acing culverts, care should be 
to prevent e channel 
disturbances and to keep fill material 


om culvert inlets and outlets. 


EXcCessly 


away It l 
should be large enough to 


carry the greatest flow expected dur 


Culverts 


ing a 10-ye it is expected 


it diferent rate of flow will be 


reas and cli 


period ; 


be set on the 
d well be 


tices in 


1 
oO tocate 
revent 


} 


im Danks 


conditions, there are many instances 
in which high-lead cable logging uphill 
is desirable from the standpoint of 
water quality protection. To prepare 
for the times when it is not possible 
to lift logs across channels by means 
of a slack line, cables should be in- 
stalled as temporary measures in order 
to prevent disturbances to stream 
banks and the formation of log jams. 
Tractor logging should, if possible, 
be limited to areas of less than 15 per 
cent slope where soils are heavy or 
highly erodible, and tractors should 
not be used when the ground is sat- 
urated or where the slope is over 30 
per cent. Only a few turns should 
be brought in over each skid trail, to 
avoid deep gouging and channelizing. 
When yarding across channels with 
tractors, use should be made of tem- 
porary, removable log or metal cul- 
verts 
Skid trails should be drained at 
short intervals, especially during the 
rainy season, in order to divert water 
away from landings. The use of 
catch basins or the diversion of drain- 
age to flat below landings is 
desirable to prevent silt and 
directly entering streams 
It is imperative that skid 
be run in channels 


areas 
otten 
mud from 
and rivers. 
trails should not 
or down channel banks 

During and after logging, small 
slash should be thrown into skid trails 
thus pro- 
viding a mulch to reduce erosion. This 


and scattered on landings, 


small slash also provides shade to en- 
courage rapid re-establishment of 
plant cover to hold the soil. In many 
instances it is desirable to seed bare 
areas of disturbed soil with 
and legumes to provide a quick cover 
( rop. 

It is imperative that cross drains or 
water bars be installed in the steeper, 
abandoned skid trails and spur roads 
to prevent high drainage concentra- 
tions and severe erosion. Dispersed 
waters should be either spread to allow 
i filtering action or conducted to flat 
ireas for settling before reaching 
flowing creeks and streams. 

Many of the basic features present- 
ed under logging road construction 
also apply to other road and railroad 
including State and 


grasses 


construction, 





county highways. Consideration 
should be given to the soil types en 
countered in the watershed. Precau- 
tions should be taken to minimize the 
Satisfactory and 
adequate methods should be employed 
for the control of erosion and for the 
prevention of sedimentation and tur 
bidity in the streams of the watershed 


Flood Control Projects 


Dams and flood control 
should be considered a part 
watershed program since they usuall 
are undertakings of considerable size 
which may degrade the quality and 
productivity of natural waters. Vari 
able-level outlets are 
these structures in order to minimize 
temperature and tur 
trom 


ground disturbance 


necessary at 


unsatisfactory 
bidity 
the dam 


conditions downstream 


To prevent wave erosion and tur 
’ 


bidity, cover crops may be desirable 


on the flowage 
where levels may 


reservoirs 
fluctuate 


t to subn ergen 


areas of 
wate! 
widely. Areas subjec 
up to 3 or 4 months should be 
with reed canary grass. Are 
to submergence up to 
should be seeded with n 


or smooth bromegrass 


Mining access r 
structed in accord 
sions recommended for logging 
so as to prevent the development 
erosion and conditions of siltatior 
turbidity 
coal and gravel washing oper 


type mines, prt 


Sluicer-ty] 
mines, 
ations should provide for adequate set 
tling of tailings prior 
charge to a watercourse 

if present, should be 

with the p 


recommendations 


cordance 
authority 


Grazing Operations 


Grazing can be completely pro 
hibited on domestic water supply wa 
ility owns 


' 


1 ()n 


tersheds where the municty 
watershe 


or controls the entire 
other watersh 
trolled by , patrol, 
bution, and seasonal regulation \ 


if 


Cas, 


rencing, | 


grazing management plan should be 
set up for any watershed where this 


“ial ee ad Decal 
use is of importance. The plan shoul 


entory of the grazing 


include an inv 


resource by ownership, and a record 


T ype numbers 


1f vrazing use 


1 en 1. At the mill site, wastes should 
trance and time are important be kept above the high water mark, 
factors. The plan should also include and out of any adjacent waterway 
such sanitary control features as loca in a place where they will not be 
f into the water later. 
debris is to be burned, a 
constructed burner must be 
used. The should be located 
10ugh away from the water so 
it unburned waste will not escape 
the water way either on the 
ground or through the air. 


of stock intensity of grazing an 
exit 


tion of stock driveways and bedding washed 


and a patrol to remove de >: ‘Se 


Stock 


srounds. 
water! proper! 
burner 
stream bed ar enot 

P " | > nection } 1 l- 

eriodic inspections should mad th: 
to determine the effects « grazit on into 
and erosion | 


soil conditions 


event stream crossings al ary, 3. Chutes which cross a waterway 
they should be accomplished in a min should be constructed in such a man- 
mum length of time. Where i ner that the wastes will not fall from 
tion shows that the presence of la the chute to the waterway. 

numbers of big game animals are fa 4 Burned-out and sec 
tions should be patched or repaired 


immediately. 


screens 
tors in 
and compaction, and 
eration should be 
population control measures 


overgrazing, s 
erosion, 
given to ¢€ 5. Chutes carrying wastes to a 
burner under forced draft should be 
deflected downward, or should be 
passed through a hopper or a series 
of baffles, so that the fine sawdust 
will tend to settle to the fire and will 
not be carried out the screen. 


Recreational uses shoul 

or very carefu 

] ater supply watershe 
: “ 

numbers of peo] le on a 


watershed can create problems of pol 


sanitation as well as 
6. Sawmills which truck sawdust 


ind away from the mill 
should have these wastes dumped 
of valde anil comnidinns oarteln waterways, and in no 
ih” titel ok tes ca sawdust and 
sata Re dumped below the high water mark 
of the waterway, or in such a posi 
tion that they will later 
leach into the waterway. 


nan 


. slabs 
permit 


site 


system ot 


used, with the entrant being given a ; 
‘ : ay from 


s¢ should slabs be 


itions should be 1 
shed boundarie S 
wash o1 
Agricultural Problems 


Recommend ! f tl der: When log ponds are located neat 
they should be so lo 


Soil Conservati 1 1 be watercourses 


strictly foll l, in 0] cated that only a portion of the stream 


erosion flows through the pond. The overflow 
ing turbidity a1 no I should be regulated in such a way that 
ceiving iter irn flows fron the amount of sawdust, chips and sus 
led matter that reaches the water 

problems of turbidi i way a minimum 
ponds should be cleaned by dragging 
rather than by flushing 


Irrigation 


created is reduced to Log 


' 
mentation, and _ increase 
content which affect water qu 
The first 


the 


hacterial pollutio: 
plied and to 

increasing demand for water 
to supply municipal 
industrial needs is directing at 


erosion throug! | I an Che 


irrigation of high quality 


before 1 mendations for and 
tention to activities within the water 
heds from which these supplies are 
taken. Activities such as logging, road 
farming, and 
in watersheds can be so controlled 

ive a significant degree of pro 


Suggestions 


1 
eeded 


Sawmill Operations comnnniatinie. oe 
bo iwmiulls located in cl | ymximit tion 


the waters 
nade for such control pro 


mings 
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A Cook Well Strainer filters the impurities from 
2,000 GPM of “raw” Gulf water continuously 
circulating through the huge, 500,000 gal. main 
tank at Gulf Exhibition Corp’s., “The Living 
Sea’’, live sea-life exhibition place at Ft. Walton 
Beach, Florida. 


cleare the vea for world s only Gulfarium 


A 10-foot length of Cook 16” (O.D.), 
Red Brass, Wire-wound Strainer is used 
because Cook’s exclusive V-shaped, self- 
cleaning, non-clogging slot assures maxi- 
mum flow over longer years. “It’s even 
surpassed estimates of your own engi- 
neers”, says Gulf Exhibition Corp. 
Wire-wound and brass-tube strainers are 
available in slot sizes from .006” to .25”, 
frabricated from Red Brass, American 
Everdur Bronze, Armco Iron or Stainless 
Steel. 


Photo shows section of 
Cook 16” (O.D.), Red 
Brass, Wire-wound Well 
Strainer, with No. 16 slot, 
12” standard brass flange 
used in the operation. 


Eight to 24-hour delivery 
often possible. Phone Cin- 
cinnati MUlberry 1-1800, 
or write for specifications. 


=< ,COOK WELL STRAINER CO. 
Py 3264 BEEKMAN, CINCINNATI 23, OHIO 


World’s Leading Name in Well Strainers 


pp 
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Maintaining Wells by Chemical Cleaning* 


HE Duhernal Water System, or- 

ganized in 1939, operates 20 grav- 
el-packed wells varying in productiv- 
ity from 350 to 2,000 gpm. Eighteen 
of the wells, in Old Bridge Sand, are 
80-100 ft deep, and two wells, in Far- 
rington Sand, are about 300 ft deep. 
Beth water-bearing sands are mem- 
bers of the Raritan formation of the 
Upper Cretaceous Age. The well field 
is located near an artificial lake on the 
headwaters of the South River in New 
Jersey. The present firm capacity of 
the system is 16 mgd, with frequent 
hourly peaks of 20 mgd. In order to 
meet the water demand, the cleaning 
of wells and connecting pipelines be 
comes an important routine job. 

Che two wells in Farrington Sand 
produce as much water now as when 
drilled and do not require any clean- 
ing. Owing to a serious salt water 
intrusion problem, however, they are 
operated only when absolutely neces- 
sary. Two of the wells in Old Bridge 
Sand were recently placed in service 
and do not yet need cleaning. Another 
has been operating almost continu- 
ously for 14 years, and was cleaned 
only once, in January 1952, when the 
pump was reconditioned. The pro 
ductivity at that time was increased 
only 19 gpm (from 456 to 475 gpm). 
This well and another installed in 1947 
maintain almost constant production, 
varying only slightly with the ground 
water level. They are not contaminated 
by any bacteria and there are no large 
deposits in the pump, pump columns, 
or discharge lines. The other fourteen 
wells in Old Bridge Sand require pe 
riodic cleaning for pro 
ductivity. 

The cleaning program at Duhernal 
is conducted in three phases: (1) 
chemical cleaning of the sand stratum 
and gravel pack around the well 
screen; (2) chemical cleaning of the 
well screen, pump, and pump dis 
charge column; and (3) mechanical 
cleaning of the connecting pipelines 
and the distribution system. The fre 
quency with which any part of the 
well system is cleaned affects the over 
all productivity. A well in which the 
sand and the gravel pack are clean 
may be able to deliver more water 
than a pump fouled by bacterial 

* Reprinted from Jour. Amer. Wat. Wks 
Assn. Vol. 46, No. 6 (June, 1954) by per- 
mission of AWWA. 


reasonable 


by GORDON L. E. LINN 


Mgr., Duhernal Water System, Parlin, NJ. 


growths or other deposits can handle 
When the pump is clean and the sand 
stratum is clogged, the productivity 
will also be less than normal. Even 
if the well and pump are clean, fouled 
connecting pipelines will lower pro- 
duction owing to increased back pres 
sure. Therefore, for a well to maintain 
reasonable production, it is 
sary that all parts of the system be 
cleaned according to schedule. The rate 
of decrease in production determines 
the frequency of cleaning, which 
may vary from once a year for some 
wells to as often as once in 2 months 
or less for others. It is a dishearten 
ing fact that every part gets dirty 
again shortly after being cleaned. 


neces 


Each of the Duhernal wells is equip 
ped with flow and pressure meters, 
and the productivity is checked daily) 
Capacity tests of wells under standard 
pressure conditions are made periodi- 
cally, to determine the need for clean 


ing and to measure the effectiveness 
of any cleaning program. 

lhe eighteen Old Bridge Sand wells 
fall into three groups, according to 
their cleaning requirements, The well 
and pump cleaning program is out- 
lined in Table 1 and described in detail 
below. Group C wells do not require 
cleaning, all decreases in production 
being traceable to lowered ground 
waters levels or pump wear. 


Sand and Gravel Cleaning 


It is believed that the principal plug 
ging material in the sand strata and 
the gravel pack around the wells in 
Group A is clay, a common situation 
in shallow wells along the Atlantic sea- 
board. As the sands are about 40,000, 
000 years old, it may be wondered why 
the sand did not become plugged with 
clay during the long period before 
pumping started. The answer to this 


question must be the reduced rate of 


TABLE 1 


Well and Pump 


Chemicals Used* 


Well No — 


Cleaning Program 


Normal Interval 
Between 
Cleanings 


wk 


Original 
Capacity 


Pp 
_ gpm 


Group A 


H.SO,, HCI, PO, 
H»2SO,, PO. 
H,SO,, HCI, PO. 
H.SO,, HCI, PO, 
H.SO,, HCI, PO, 
H.SO,, PO. 
H.SO,, PO. 


H.SO,, HCI 26 
H.SO, 52 
H.,SO,, HCl 10 
H,SO,, HCI 10 
H.SO,, HC! 10 
H.SO, 10 
H.,SO, 20 


Group B 


H.,SO, 
H.SO, 
H.SO, 
H,SO,, HCI 
H.SO, 
H,SO, 
H.SO, 


64C 


Vl 


H.SO, 
H.SO, 
H.SO, 
H,SO,, HC! 
H.SO, 
H.SO, 
H.SO, 


700 
700 
,400 
,210 


,030 


mJ 4 


II N UL 
VIiNN ON WN N 


Group C 


8 
13 
A.F 
B.F 
* H.SO, nhibited sulfuric acid 


chioric acid; normal amount used per well 
Nemours & Co., Wilmington, Del.) PO, 


normal 


no cleaning required 


amount used 
90 gal 
phosphate 


455 
1,020 
1,350 
1,840 


per well, 45 gal. HCi—inhibited hydro 
The acids used are products of E. |. du Pont de 
normal amount used per well, 50-75 Ib 
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movement of water through the sand he longs f anel- cals that have been used to clean Du- 
is known that, at times, ~ well will radius side, hernal wells includes: sodizm hexa- 
ay-colored water at a high ause more water—and, Lence, more metaphosphate, adjusted to pH 8.0 

with sodium silicate or sodium car- 
: bonate; a commercial mixture of hy- 

rofiron  drochloric acid, ammonium bifluoride, 
together anda wetting agent; calcium chloride ; 

like organ chlorine ; various synthet:c detergents 
wiped off (used with phosphates) ; sodium hy- 

A typical anal drosulfite (used with phosphates ) ; so- 
enin Table 2. dium tripolyphosphate; and tetraso- 
dium pyrophosphate. The effective- 


in their most 


cid environmel!l 


ness of some of these chemicals has 


TABLE 2 


: ‘ . not been completely evaluated. 
Slime Deposit Analysis : 


rhere appears to be no relationship 
Amount between the chemical composition of 
Item per cent ‘ 


he water and the need for cleaning 
56.1€ , 


48.31 the wells. It is su pected, however, that 
—s the necessity for cleaning the pumps 
8.79 and pipelines is affected by the total 
water pumped, because the more iron 
furnished the bacteria, the faster the 
growth, Table 3 shows the range in 
concentration of various chemicals in 
(ld Bridge Sand well water during 
1952 


TABLE 3 
Well Water Analysis 


Item 
pH 
Phenolphthalein acidity—ppm 
Methy! purple alkalinity—ppm 
Sulfates—ppm 
lron—ppm 
Hardness ‘soap test ppm 


Chemical Cleaning Method 


The wells have aboveground dis 
lines with 2-in. nipples welded 


charge I 
1 
' 


it the top for air re 
valve is replaced by a steel funnel 


ease valves, The 


through which the chemicals are 
poured into the discharge piping. The 
chemicals flow backward down the 


pump discharge column, through the 

pump, and into the well. The discharge 

check valves have bypass lines with 
“¥" 


stop valves. If the chemical 


is to be 
used for cleaning the sand, the bypass 
line valve is op ned to waste and the 
discharge line backflushed. Then the 
waste valve is closed, and water from 
the system goes down the pump col- 
umn and forces the chemicals out into 
the sand formation. The farther the 
sand to be cleaned is from the screen, 
the more backwash water is required 

\fter each treatment, the well ca- 
pacity is tested under standard condi- 
tions of pressure and flow. When there 
is no more improvement in capacity 
or when it is back to normal, the treat- 
ments aré stopped. Sometimes, even 
atter frequent chemical treatments, 
the capacity of the well is less than 
at the start. It is then assumed that 
the formation has become plugged 
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num amount of water is enter- 

ng the well and that the sand stratum 
the pump is tested against its 

stic curve. If the pump and 
arge column need cieamng, in 
hibited sulfuric acid is poured into 
lary piping In the manne! 
described, but without any 

water, so as to hold the acid 

p. If this acid 1s not com 

ccessful, inhibited hydro 

| ] 


s used, 


and sometimes a 


of both is employed 


Pipeline Cleaning 


nes fouled by bacterial 
re cleaned mechanicalls 
10 weeks, the interval 
n the quantity of water 
irough. the lines. During 
periods, as in the summer, 


ount of water and_ bacterial 
ian in low-flow 


rubber ball cleaners 
ths of 6—24-in 


chains are covered 


ng 
rubber hose to pro 
hestos-cement pipe. Occa 
two ball cleaners are utilized, 
ind the other with alr 
insures the cleaning of 

the pipe 
ning machines, one for 
one for 30-in. pipe, are 
also employed. They are made in sec 
tions, to permit going around an 
elbow, and the flat, rubber-covered 
pieces which move along the pipe are 
spring loaded. The squeegec action of 
the rubber-covered arms easily wipes 
the deposit, while the driving 
behind the cleaner flushes out 
water through blowoff con 
located at low points along 
\ecess boxes have been in 
l | allow the cleaners to be 
inserted in the mechanically coupled 
Fig. 1. MECHANICAL pipeline cleaner pipelines. The 18-in. cleaner travels 
The Duhernal - designed, rubber - covered approximately 14,000 ft, and the 
f the cleaner wipe off the slime de 30-in, cleaner 29,000 ft between ac 
cess boxe hey do an excellent job, 
r he pipeline friction co 


again neal the scree 
In one instance, four 2 


tion wells with 3 tt screens, a 


Ww 
o 


depths in the sand_ stri 


equally spaced about 10 ft from t resul 


%\ 
°o 


center of a well to be cleaned. Vari tory 


ous chemicals were poured into the cutting 


~ 
o 


apacity Loss — per cent 


injection wells and spread by pumping 


- 


=) 


alr and wate! | his rie thod was aba 
. 10 15 *20 25 30 35 40 
Time — weeks 
Fig. 2. RATE of capacity loss 
TY pA we wre affected by 


o 


doned because it was not found 


more effective than treating 
from the inside 
(on anot 

' ' i iron deposits. The seven Gr up B 
an 


are affected by iron deposits only 
down 
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efficient to more than 140, A photo 
graph of one of the cleaning machines 
is shown in Fig. 1. 


Effects of Cleaning 


Figure 2 shows that the average 
loss in capacity of the 
seven Group A wells, affected by clay 
and iron deposits, falls between a low 
and a high limit. Ten weeks after 
cleaning there is a 16.5 per cent loss 
of some of the wells 


percentage 


in the 
and as much as 30 per cent in others 


capac ity 


Twenty weeks after cleaning the low- 
per and the 
35 per cent. The wells in 
affected only by iron de 
not fall off in capacity as 
much as those in Group A. For ex 
le, after 10 the 
percentage is only 4.5 per cent, 

r 20 weeks only 6.5 per cent 


loss is 22.5 cent, 


limut 
ugh limit 
Group B 
posits, do 
weeks, 


ample, average 


loss 
between 


n the variation 


Group B is not as great as in 


urves indicating the effect 
uuled pump and line on pump 


838 6 $ 


o 


2 
€ 
4 
¥ 
> 
c 
Q 
v 
ve 


90 
S23 FS 27 HSS 3 
Fig. 4. VARIATIONS in friction 
coefficients 
Peak readings were obtained within a week 


after mechanical cleaning 
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Total Head — ft 


100 200 300 400 


Fouled Pump 


500 600 700 


Capacity - gpm 
Fig. 3. EFFECT of fouled pump and line on pump capacity 
A fouled pump and discharge line will suffer a capacity loss ot more than 300 gpm 


capacity are shown in Fig. 3. For ex- 
ample, when the pump and the dis- 
charge line are both clean, the pump 
will deliver 700 gpm. When both are 
390 
the 
de- 
and 


dirty, the pump will deliver only 
gpm. If the pump is clean and 
pipeline dirty, 500 gpm will be 
livered, and if the pump is dirty 
the pipeline clean, 585 gpm 

Figure 4 shows the weekly varia- 
tions in friction coefficients on a typi- 
cal section of distribution pipeline. 
rhe peak readings were obtained 
within a week after mechanical clean- 
ing. The coefficients fall off rapidly 
shortly after cleaning, dropping from 
a high of approximately 150 to a low 
of approximately 95 


Conclusion 


Chemical cleaning at Duhernal is 
still in more or an experi- 
mental stage, although it has been 
practiced for about 10 years. 


less of 


Tests 


with different kinds of chemicals are 
being conducted regularly, using vari- 
ous methods and quantities. Experi- 
ence has shown that there is no easy 
cleaning method and that no treat- 
ment of any type is successful in im- 
proving production every time. Well 
cleaning demands a relatively high 
level of supervision, ingenuity, and 
patience to get the best results. Fre- 
quently a well requires several treat- 
ments before any improvement is 
noted, although, on one 
treatment may give the maximum im- 
provement possible. 


occasion, 


Without any cleaning, at Duhernal, 
it would be necessary to install six 
new wells and 10 miles of duplicate 
pipelines, at a cost of perhaps $1,000,- 
000. Chemical and mechanical clean- 
ing, therefore, is not only economical 
and practical but necessary to niain- 
tain reasonable well productivity. 





An Adequate Distribution System 


HE DISTRIBUTION system is 

the marketing facility of the water 
utility. It represents some two-thirds 
of the investment in water works 
plant of the average community. To 
provide fully adequate and satisfac- 
tory service to the customer requires 
that the mains making up the system 
be large enough to deliver water to 
all users in quantities sufficient to 
meet their requirements and at ade- 
quate pressures. 


Water Usage 


The customer rate of water 
varies over a wide range from city to 
city. Results of a survey of water 
works operating data for 1950, made 
by the American Water Works Asso- 
ciation, indicate that for the 387 
cities covered, water production 
varied from a minimum of 51 to a 
maximum of 446 gallons per capita 
per day, with a mean of 138 gpced. The 
mean sales figure for these cities was 
110 gped. 

These average daily figures, al- 
though generally useful, are not 
necessarily valid for any specific city. 
Evaluation of the adequacy of a distri- 
bution system requires the determina- 
tion of the probable maximum hourly 
rate of delivery for the specific sys- 
tem under investigation. If this in- 
formation cannot be obtained from 
operating records, it can be developed 
from detailed analyses of customer 
usage throughout the system. Use of 
generally accepted ratios in comput- 
ing system-wide maximum short- 
period demands from annual average 
daily demands may give erroneous re- 
sults when applied to a specific sys- 
tem. 


use 


In estimating future maximum 
rates of water consumption, recent 
upward trends in the customer rate of 
use should be recognized. In the 
period 1945-1950 the average annual 
customer use rate increased approxi- 
mately 10 per cent ; in many cities, par- 
ticularly where air conditioning is 
extensively used, the increase was even 
greater. 


by N. T. VEATCH 


Engr., Black and Veatch, Kansa 


The domestic customer use rate 
has been increased by the greatly in- 
creased use of water for lawn sprink- 
ling, by the rapidly expanding use of 
household garbage grinding devices, 
and by the use of air conditioning 
equipment in areas where summers 
are hot and dry. Continuation of this 
upward trend can be expected as long 
as the general economic status of the 
populace remains at a high level. 

The commercial customer use rate 
has been greatly increased by the use 
of air conditioning equipment. Al- 
though many such installations are 
not provided with water-conserv- 
ing equipment, therefore, limitations 
of water supply and distribution fa- 
cilities have prompted many cities to 
require the inclusion of water-con- 
serving equipment in all new installa 
tions having a rated capacity of more 
than two tons. 

Recent studies of prospective fu- 
ture peak demands on the water dis- 
tribution system at Kansas City, Mis- 
souri, indicate that the peak day water 
requirement, exclusive of air condi- 
tioning demands, in 1970, will be 184 
mgd, while the peak day total re- 
quirement, including air conditioning 
use, in that year, will be 308 mgd. 
Thus, the operation of air condition- 
ing equipment, even though a large 
percentage of it is of a water-con- 
serving type, will increase the peak 
day customer demand by 67 per cent. 


Fire Flow Requirements 


Fire flow requirements must be 
considered, in evaluating the adequacy 
of a distribution system, since they 
are imposed on the peak day cus- 
tomer demand. Although the quantity 
actually used for fire fighting over a 
yearly period is small in relation to 
the total customer use, the rate of use 
during the period of a serious fire 
is large. 

The formula used by the National 
Board of Fire Underwriters for de- 
termining the probable maximum fire 
demand rate in the high-value area of 
cities up to 200,000 population re- 


lates this peak rate to the population 
of the city. The results obtained by 
application of this formula have been 
widely accepted by engineers and 
used as a basis for the design of water 
distribution systems to serve such 
high-value areas. 

The maximum demand on a distri- 
bution system during a fire is usually 
taken as the average customer use on 
the maximum day plus the fire de- 
mand as calculated by means of the 
Underwriters’ formula. For cities of 
more than 200,000 population, the 
maximum fire-flow demand is taken as 
12,000 gpm, for a single fire in the 
high-value area, with an additional de- 
mand of 2,000 to 8,000 gpm for a 
simultaneous fire outside this area 


Adequate Pressures 

To be considered adequate, pres- 
sures in a distribution system must be 
25 to 40 psi in residential districts 
containing dwellings up to four stories 
in height, and 75 psi in commercial 
districts. The American Water Works 
Association recommends normal sta- 
tic pressures of 60 to 75 psi as suf 
ficient to supply normal uses in build- 
ings up to ten stories in height, 
effective sprinkler system service in 
buildings up to five stories high, di- 
rect hydrant service for a minimum 
number of fire hose streams, and to 
allow some margin for local pressure 
fluctuations caused by sudden heavy 
drafts on the system. 


Distribution Storage 


The proper functioning of a water 
distribution system is materially fa- 
cilitated by the use of water storage 


structures, reservoirs, stand pipes, 
and elevated tanks. Such storage, if 
at the pressure plane of the service 
area, can be used to equalize pumping 
rates at the supply works; a practice 
which permits the use of more eco- 
nomical main and results in 
minimum pumping costs. 

\lso, such storage constitutes a re- 
serve supply which can be delivered 
into the system without further pump- 


sizes 
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METALLURGY TESTS 


HYDROSTATIC TEST PRESS 


BEARING TESTS 


NOTHING OVERLOOKED! 


Produced in a plant as modern as tomorrow ... Most exacting metallurgical, 
chemical and physical tests .. . Strict quality control from the raw material to 


the finished product... That's Alabama's Super De Lavaud Cast Iron Pipe. 


For long years of dependable, trouble-free service... specify Alabama's 
Super De Lavaud Cast Iron Pipe. Sizes 3” to 24” in modern long lengths. Bell 
and Spigot, Roll-on-Joint, Flanged, and Mechanical Joint. 


ALABAMA PIPE COMPANY 


General Sales Offices 
ANNISTON, ALABAMA 


We Invite Inquiries to Our Nearest Sales Office 


122 S. Michigan Ave. 350 Fifth Avenue 
Chicago, Illinois New York 1, New York 


W.&S.W.— REFERENCE & DATA—1956 





We invite inquiries to our 
nearest sales office 


120 Se. Michigan Avenve 
Chicago 3, Ill. 


350 Fifth Avenue 
New York 1, New York 


Sliding or screw type cast iron 
valve boxes for covering 4” 
through 10” valves for water or 
gas. Rugged construction for 
lifetime service. 514’ shaft. 


Extensions as required. 


Valve boxes supplied with 


separate bases are available in 


sliding or screw type. Made with 


514" and 7” shafts with extensions 
as required. Also, a complete line 


of service and roadway Boxes. 


ALABAMA 
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ing to meet heavy demands for fire 
fighting or the normal dernands while 
emergency repairs are made in the 
system or supply works. 

Ideally, the quantity of water stored 
at the pressure plane should be at 
least equivalent to the sum of the 
maximum day requirement for cus- 
tomer use and the required fire-flow 
for a period of ten hours, less the 
firm daily capacity of the system sup- 
ply works; preferably it should be, 
say, 10 per cent in excess of this 
quantity. Determination of the quan- 


tity of storage required in any spe- 
cific system requires detailed study of 
its demand and supply characteristics, 


and of available locations for such 
storage 

Generally the most effective loca- 
tion for distribution storage, when 
considered as a supplemental supply 
source, is along the perimeter of the 
high-consumption district at a point 
diametrically opposite from the high- 
service pumping station at the supply 
works. With the storage structure at 
such a location, head within 
the high-consumption district will be 
minimum, and the quantity of water 
which can be delivered to points with- 
in this district at suitable pressure 
will be maximum. If the storage 
structure were located at the high 
service pumping station, or at a point 
between this station and the high- 
consumption district, the water plane 
in the district at times of heavy de- 
mands would be much lower than in 
the former case, and the quality of 
much satisfactory. In 
the selection of a storage 
uncommonly 


losses 


service less 
practice, 
Structure site is not 
based on considerations of availabil- 
ity and aesthetics rather than on sound 
engineering principles 


Gate Valves 


From the viewpoint of distribution 
system operating personnel, one of 
the most useful items of equipment 

and in some systems one of the 
scarcest—is the gate valve. The pur- 
pose of valves in a distribution sys- 
tem is to provide the means for isolat- 
ing a short section of main to permit 
the making of repairs, often of an 
emergency nature, without interrupt- 
ing service to more than a minimum 
number of customers. The National 
Board of Fire Underwriters recom- 
that gate valves be installed 
at such locations and spacings that 
“no single case of accident, breakage 
or repair to the pipe system, exclu- 
sive of arteries, will necessitate the 
shutting from service a length of pipe 
greater than 500 feet in high-value 
districts or greater than 800 feet in 


mends 
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other sections, and will not result in 
shutting down an artery.” 

Each functionally important gate 
valve, such as those at each side of a 
stream crossing, and each gate valve 
12 inch and larger in size, will jus- 
tify being housed in a concrete or 
masonry vault, which should be large 
enough to provide adequate space 
for personnel and tools required for 
the operation and maintenance of the 
valve. 

Accurate and permanent records of 
the locations of all valves in the sys- 
tem should be readily available to 
all operating and maintenance per- 
sonnel. Such records should include 
complete information as to make, 
type, size, direction of turning to 
open, location, type of installation, 
method of operation, etc. Good rec- 
ords, readily available, often prove 
of great value in emergency situa- 
tions. 


Hydrants 


The distribution system should be 
equipped with an adequate number of 
hydrants so located and spaced as to 
provide fire protection for the en- 
tire service area. Hydrants predom- 
inately in use on water systems in the 
United States are of the dry-barrel 
type and are usually equipped with 
two hose outlets and one pumper out- 
let. A number of systems have in- 
stalled hydrants equipped with two 
pumper outlets and no hose outlets in 
their high-value districts 

The distribution or spacing of hy- 
drants depends on the maximum fire 
flow requirement fof the district 
under consideration. In residential 
areas, in which block lengths are not 
over 500 feet, a hydrant should be 
located at each street intersection. In 
blocks longer than 500 feet, a hydrant 
should be placed midway between as 
well as at the intersections 

In areas occupied by large apart- 
ment houses, and in mercantile and 
industrial districts, it may be neces- 
sary to install two, three, or even four 
hydrants at the intersections, as well 
as one or more at locations between 
intersections, in order to deliver the 
maximum fire flow requirement 

The policy of limiting the mini- 
mum size of hydrant supply branches 
to 6-inch and of installing gate valves 
in all hydrant branches, which has 
been adopted by many water utilities, 
is believed to be sound. 


Maintenance of Valves and Hydrants 


Continuous preventive maintenance 
of distribution system valves and hy- 
drants is a “must” if these important 
adjuncts are to be ready to serve their 


appointed function at all times. Each 
valve and each hydrant should be care- 
fully and thoroughly inspected and 
operated through a complete cycle at 
frequent intervals by trained person- 
nel. The frequency of such periodic in- 
spections varies in different systems, 
but generally such inspections are 
made yearly. 

Since damage to hydrants from ex- 
ternal forces generally occurs more 
frequently in the spring and summer 
seasons, due to street construction and 
repair activities and traffic mishaps, 
the hydrant inspection program 
should be accomplished during the 
fall. The discovery and correction of 
faults in the operation of hydrant 
barrel drains is particularly timely at 
this season. 

Minor maintenance work, which 
can well be performed in connection 
with the hydrant inspection operation, 
should include lubrication of the 
operating nut, greasing nozzle cap 
threads, caulking loose nozzles, and 
tightening or replacing stuffing box 
gland packing. The addition of leak 
and pressure tests to the program will 
increase the time required for its com- 
pletion possibly 20 to 25 per cent. 

The valve inspection and mainte- 
nance program can be carried on at 
any time, although with less efficiency 
when streets are covered with snow. 
The use of power-driven valve operat- 
ing equipment, preferably of the 
truck-mounted type powered by a 
takeoff from the truck engine, will 
greatly facilitate and speed up the 
progress of the program. 

Maintenance work which can be 
performed by the inspection crew on 
buried valves is limited to cleaning 
out valve boxes and adjusting their 
height. Such work on valves in vaults 
will include tightening or replacing 
stuffing box packing, and cleaning 
and lubricating valve operating gears. 


Meters 

Meters, both customer and those 
used for totalizing pumpage, etc., are 
a very essential part of any distribu- 
tion system. No attempt is made here 
to discuss details of these meters. It 
is desired, however, to emphasize 
their value and importance in reduc- 
ing waste in customer usage and in 
providing data which enable proper 
checks to be made of the efficiency 
of the distribution system. In addi- 
tion to meters, pressure gauges of 
suitable design and number are an 
essential feature of a well-operated 
system. 

The much-discussed question of 
the use of meters on private fire 
protection services as a means of re- 
ducing unaccounted-for water, dis- 
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CAST IRON PIPE FOR WATER SERVICE 


The practice of using cast iron pipe for wacer service 
started in Europe around 1455 and around 1820 in this 
country. This practice has continued down through the 
years and it is still the most widely used type of pipe for 
waiter distribution systems. The most desirable combina 
tion of strength and long life has made and still makes the 


use of cast iron pipe the most economical in the long run 


Our szrategically located foundries are well equipped to 


furnish cast iron pipe and fittings in sizes starting at 


2-inch for intakes, pump stations, filtration plants, supply, 
Installing 10” U. S. centrifugally cast iron pipe 


‘a ae feeder and distribution mains. 
for a water distribution system 


CAST IRON PIPE FOR SEWERAGE SERVICE 


Cast iron pipe and fittings have a wide application in the 
sewerage field. They have three outstanding properties: 
1. tight pressure type joints that prevent infiltration, 2. 
beam strength, compressive strength and bursting strength 
to withstand severe installation conditions, 3. long life 
and resultant low amortization charges that have been 


proven by years of satisfactory service. 


Cast iron pipe and fittings in sizes 2-inch and up can be 
furnished for flow lines, pressure mains, siphons, stream r , 7 
I I 4 Section of 36” cast iron outfall sewer installed 


crossings, outfalls, pumping stations and treatment plants. on concrete piers 


TYPES OF PIPE AVAILABLE 


Standard Specifications Class 125 (B16.1) and Class 
250 (B16b) or long-body A.W.W.A. type. 


Our cast iron pipe centrifugally cast in metal molds is 
manufactured in accordance with American Standard 
Specifications A21.6 or Federal Specification WW-P- 


421a. Pit-cast pipe is made to conform to American Mechanical joint for cast iron pipe and fittings is made 


Standard Specifications A21.2. in accordance with American Standard Specifications 
A21.11. Pipe and fittings can be furnished with ce- 


Fittings (bell-and-spigot) can be furnished in accord- 
ance with American Standard Specifications A21.10 
for the short-body type 3-inch to 12-inch, 
A.W.W.A. Specifications C100 3-inch to 60-inch for 
the long-body type. 


also 


Fittings (flanged) are made to conform to American 


U.S. 


rere l-j ap bneyel 


PIPE 


Birmingham 
Chicago 


Burlington 


New York Boston 


San Francisco 
Kansas City 


ment lining in accordance with American Standard 


Specificat‘ons A21.4 or manufacturer’s standard. 


Roll-on joint pipe, flexible joint pipe, flanged pipe and 
plain end pipe are made to standard or manufacturer’s 


specifications, whichever are applicable. 


UNITED STATES PIPE AND FOUNDRY CO. 


General Office: Birmingham 2, Alabama 


SALES OFFICES 


Pittsburgh 
Dallas 


Secttie 
Syracuse 


Minneapolis 
Los Angeles 


Cleveland 
Houston 
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couraging the still not infrequent at- 
tempt to steal water through such 
services, and, in some instances, to 
control maximum demands for legiti- 
mate uses, seems to be as far from a 
generally acceptable answer as ever. 
he literature of the industry is re- 
plete with accounts of the discover- 
ing of unauthorized connections to 
private fire lines, through which great 
quantities of water were being taken 
without compensation to the utility. 

In recent years fire service type 
meters have been designed which will 
accurately measure all flows and 
which, since they impose practically 
no obstruction to full flow through 
the service line, satisfy all the re- 
quirements of the National Fire Pro- 
Association.* With such 
meters available, it is somewhat dif- 
ficult to understand the failure of 
water works management generally 
to adopt a policy requiring the in- 
stallation of such equipment on all 
private hre 

Many water utility operators, the 
owners of properties having private 
fire services, and the fire underwriters 
generally, oppose the use of fire flow 
meters on the premise that the addi- 
tional revenue to the utility resulting 
from their use would not be sufficient 
to offset the cost of providing and 
the metering installa 
that frequent inspections by 
water utility, public fire department, 
and underwriters’ personnel will dis- 
cover conditions under which the use 
1f water for purposes other than fire 
fighting or testing may or does occur. 

Che utility operators who favor 
metering all private fire lines con- 
tend that the reduction in operating 
costs resulting from the decrease in 
“lost” water effected by 
metering more than offsets the costs 
to the utility for operating and main- 
taining such metering installations, it 
being the general practice of these 
utilities to collect the the 
meter installation from the customer. 
Chey consider, also, that even though 
unauthorized water 
tected by metering and such uses are 
discontinued, the 
the meters can be credited as mak- 
for legitimate uses, at 


tection 


services. 


maintaining 
tions ; 


free’ or 


cost of 


uses of are de 


very existence of 
ing available 
low cost, considerable system capac 
ity previously committed to non-rey 
enue-producing functions 
lt is almost universally the policy 
of water utilities, both public and pri 
vate, to furnish water for fire-fight 
without charge, whether 
public hydrants of 
lines. It is not 
intention of 


ing 1ses 


through 
through 


hire 
private hre 


the wish or proponents 


; ? Fe P.A. Handbook of Fire Protection, 10th 
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of private fire line metering to change 
the status quo in this respect. With 
this position the author is in com- 
plete agreement. 


Service Building 

The successful operation of a water 
distribution system requires unfail- 
ing maintenance of all of its parts. 
Meters must be inspected, tested, 
cleaned, and overhauled at frequent 
intervals to restore their accuracy of 
measurement. Valves and hydrants 
damaged in service, or which have 
become inoperative for any reason, 
must be repaired. Many distribution 
departments find it more economical 
and satisfactory to maintain automo- 
tive and heavy construction equip- 
ment in their own shops than to de- 
pend on commercial shops for this 
service. Department supplies must be 
adequately stored and properly ac- 
counted for to prevent and 
damage. 

In the past, these activities all too 
frequently have been housed in whol- 
ly unsuitable structures, such as aban- 
doned fire, police or pumping stations, 
dismantled steam boiler plants, etc. 
More recently, however, water works 
management, in general, has come to 


loss 


recognize the necessity of providing 
adequate housing and facilities for the 
distribution maintenance operations 
Many smaller systems, serving as few 
as 5,000 customers, will be found to 
have well-designed and equipped serv- 
ice buildings. Larger systems may 
have several such buildings, each 
serving a specific district or part of 
the system 

Local conditions and requirements 
will control the location, dimensions, 
equipment and architectural treatment 
for a specific service building. The in- 
fluence of these criteria can best be 
explained by describing briefly such 
an installation recently completed to 
meet the needs of a distribution sys- 
tem serving approximately 40,000 
customers in a South Atlantic state. 

rhe utility constructs all distribu- 
tion and feeder mains 16 inches and 
smaller with its own forces and equip- 
and operates 18 automotive 
vehicles. The service building, equip- 
ment shed, and pipe yard occupy a 
fenced 4-acre site located at the geo- 
graphical center of the distribution 
system and served by a railroad spur 
and a paved street. The maintenance 
building, a one-story brick masonry 
structure with concrete floor and roof 
slabs, has a gross floor area of 8,540 
square feet. Allotment of net floor 
space within the building is: 


ment, 


Use Area, Sq. Ft. 
Meter Shop 1,250 


Automotive Shop .. 

Small Stores 

Large Stores 

Wash Rooms and Lounges 


Lobby and Corridors 


Exterior wall surfaces are of face 
brick, with wall copings and window 
sills of cut stone. Interior wall sur- 
faces in the lobby, corridors, meter 
shop, lounges and washrooms are of 
glazed tile; those in the offices are 
plastered and painted and all others 
are of common brick. 

Floor surfaces in the lobby and 
offices are of quarry tile; those in the 
lounges and washrooms are of ce- 
ramic tile; those in the meter shop, 
stores rooms and corridors are of 
cement mortar topping, and all others 
are of monolithic troweled finish. 
Ceilings, which are the exposed under 
side of the roof slab, are painted. Ceil- 
ing height is 10.5 feet throughout the 
building except in the automotive 
shop, where it is 15.67 feet. 

Illumination for the offices, meter 
shop, small stores room and lounges 
is by fluorescent light fixtures ; in all 
other parts of the building it is by 
single-lamp incandescent light fix- 
tures. Heating is provided by a two- 
pipe, forced circulation, hot water 
system. 


Service Building Equipment 

The principal items of equipment 
are . 
Meter Shop: Sand blast cleaning 
equipment ; acid bath sinks with blow- 
er-equipped fume hood; two meter 
testing assemblies with calibrated 
tanks; two work benches; a 35-foot 
work table ; desk and file cabinet, and 
meter storage racks. Compressed air 
is piped to outlets on the work 
benches and table. 

Automotive Shop: Air compressor 
and receiver ; oil-operated single-post 
automotive hoist; 50-foot work 
bench ; 2-ton, chain-operated monorail 
hoist. Compressed air and electrical 
outlets are located along the work 
bench. 

Each Washroom A 54-inch, foot 
controlled, stainless steel wash foun 
tian: 3 water closets; 3 urinals; 2 
shower stalls; water heater; 20 steel 
lockers: two 8-foot benches. 

Large Stores Room: Chain-oper- 
ated, 1'4 ton, monorail hoist. 


Yard Facilities 

The maintenance building yard is 
paved for a distance of 140 feet with 
asphalt penetrated crushed stone. In 
this paved area is an automotive fuel 
service station, with pumps and un- 
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PRESTRESSED CONCRETE STEEL-CYLINDER PIPE 


AWWA Spec. C301-52 


PRICE BROTHERS COMPANY, P.O. Box 825, DAYTON 1, OHIO 











mortar 
PROTECTIVE 


Stevctuea 
Comcnett 


Prestressed Pipe was designed by research 
and structural engineers from a combina- 

n of materials, each to do a specific job, 
and to provide a combination of advan- 
tages found in no other pipe. 


A steel cylinder to provide water tight- 
ness and high beam strength. 


A centrifugali pu structural concrete 
core to give permanent and sustained 
high flow without tuberculation or cor- 
rosion 


A wrapping of Aigh tensile steel wire 
under tension to prestress the steel cyl- 
inder and concrete core thus permitting 
high pressure without tension in these 
materials 


A rubber and zinc coated steel expansion 
joint to provide flexible, watertight con- 
nections 


An outside encasement of rich cement 
mortar to protect the entire waterline. 











FLEXIBLE, WATERTIGHT JOINT 














HOW PRESTRESSED CONCRETE STEEL-CYLINDER PIPE 
MEETS THE REQUIREMENTS FOR A WATER LINE 


LIFE EXPECTANCY 


SOIL ACTION—On Price Prestressed Pipe 
only concrete is exposed both inside and 
out. Concrete is “at home” in the ground 
It cannot rust or corrode, and almost al 
ways actually gets harder and stronger the 
longer it is underground. Underground 
concrete water lines in Mexico and France 
are still in excellent condition after hun- 


dreds of years. 


ELECTROLYSIS—Price Pipe has never been 


affected by electrolysis. 
STRENGTH 


BEAM STRENGTH—The steel cylinder en- 
cased inside Price Pipe and the structural 
concrete core prov ide an except ionally high 


beam strength. 


BURSTING STRENGTH—The combination of 
a steel cylinder, prestressed high tensile steel 
wire and concrete make Price Pipe shatter 
proof. Sudden and complete failure or 


bursting 1s all but impossible. 
GALLONS OF WATER DELIVERED 


INITIAL RATE OF FLOW—With Prestressed 
Pipe, water flows over concrete, which 
equals the highest flow coefficient of any 


pressure pipe structural material. 


LONG TERM RATE OF FLOW—Concrete not 
only retains its high “C” value, it often 
increases because of a slippery surface that 
forms on the concrete. Tests in Louisville 
show an increase om a “C” of 145 in 
1931 to a “C” of 149 in 1948. Tests in 
Denver show an increase from 141 in 1925 
to 150 in 1943. 


TUBERCULATION AND CORROSION— 
Under ordinary circumistances Price Pipe 
will never- corrode or tuberculate. After 
years of service, it will have exactly the 
same diameter and be just as smooth as 


when installed 


JOINTS—The rubber and zinc-coated steel 
joint on Price Pipe is flexible. It can adjust 
to expansion, contraction, vibrations and 
settling without leaking even with high 


internal pressures. 
MAINTENANCE 


CLEAN OUT—Price Pipe will neither tuber- 
r 
culate or corrode, and will require no clean- 


ing out. 


RELINING—The structural concrete core of 
Price Pipe serves as its lining. It is held in 
compression by the wrapping of high te 

sile steel wire and is an integral part of the 
pipe. It does not chip or disintegrate. Relin- 


ing is never required 


BLOW UPS—Blow ups and resulting floods 
are all but impossible with Price Pipe. Its 


design makes it shatterproof. 
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TAPPING Any water-works serviceman 
Price Pipe, under pressure, using 
type, long travel tapping machine, 


a carboloy tipped cutter. The design 


1 
of the tap actually makes the pipe stronger 


at the point of the tap. 


cOsT 


ORIGINAL COST—Price Pipe, in spite of its 
long life, sustained capacity and great 
strength costs no more than other types 
of water pipe. Under certain conditions it 


may even be considerably less. 


INSTALLATION — On most installations a 
back hoe both digs the trench and lays 
Price Pipe, resulting in speed and low cost 
This is because of the self-centering joint 
on whic h steel takes the backload and rub 
ber forms the seal. Contractors generally 
bid lower on the installation of Price Pipe 


than any other type of water pipe. 


PUMPING COSTS — Price Pipe’s flow co 
efficient sfays high and the bore stays 
smooth. Pumping costs do not rise as they 


do with some pipes. 


LONG TERM COST —Here’s where Pre 
stressed Pipe really shines. Add to low 
original cost the advantages of no clean 
outs, no relining, no blow ups, absolute 
minimum leakage, and lower pumping costs, 
plus the permanency of concrete . . . then 


you have ‘rue economy. 


YOUR REQUIREMENTS 


PRESSURES—Prestressed Pipe can be de- 
signed for any pressure common to Ameri 
can waterworks practice with adequate 


reserve strength for normal overloadings 


SPECIALS — Connections and fittings are 
readily available. They are manufactured 
of reinforced concrete and custom tailored 


to the design requirements 


$IZES—Prestressed Pipe is available in 16 
foot lengths and in diameters of 16”, 20” 
24”, 30”, 36”, 42”, 48” and larger 

DELIVERY — Price Pipe is available from 
plants in Dayton, Ohio, and Miami, Fla 
On large jobs a portable plant can be set 


up on the job site. 


OTHER TYPES OF CONCRETE PIPE—Price 
Brothers Co. also manufactures Concrete 
Steel Cylinder Pipe Not Prestressed; 
Subaqueous, Sewer and Culvert Pipe 

INFORMATION — Price Brothers engineers 
know pipe line problems. They will be glad 
to help in any way they can, without obli 
gation. For booklets on Manufacture, Laying 
and Tapping, write Price Brothers Co., 
P. O. Box 825, Dayton 1, Ohio. For gen 
eral information mail the Reader Service 


Card. 

é 
* In 1 ! ce but not common in 
America; sponge formations will 
ect or ‘ e of all types of water line 
Rare « cond ns may affect the permanen 
of an »e material 
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Manufacturers of “Transite” Pressure Pipe PEC ovCTS 
22 EAST 40th STREET spe You 16, 0 Y. 


OFFICES IN ALL LARGE CITIES 





Here’s How TRANSITE PRESSURE PIPE 
with the Ring-Tite Coupling 


Meets These 7 Basic Water Line Problems... 








F You are faced with some—or all Pipethatmay beofhelptoyou...facts 
I —of these 7 common water-line that tell how this modern asbestos- 
problems, here is information about cement pipe is helping to solve these 
Johns-Manville Transite® Pressure problems in many communities. 


1, Handling costs: 


Because it is light in weight and easy distribution along the trench is easier 
to handle, Transite Pressure Pipe and more quickly accomplished. More- 
keeps handling costs down. Loading, over, mechanical handling equipment 
unloading, and all other subsequent’ is not necessary except where larger 
handling operations are simplified. sizes are being used; the pipe sections 
More footage can be hauled per truck- are easily lowered into the trench with 
load—reducing trucking costs—and _ rope slings. 


2. Installation costs 


Transite Pressure Pipe’s light laying crew can install the pipe as 
weight, easy handling and fast, ac- fast as the trench is opened. This 
curate Ring-Tite® Coupling simpli means less time on the job, appreci- 
ably lower costs. Only a few quick, 
sure steps are required to connect 
pipe with the Ring-Tite Coupling 
with the assurance of tight yet al- 
perature and terrain conditions. The ways flexible joints. 


fy assembly and save time every 
step of the way. It may be installed 


even under difficult weather, tem- 


3. Soil corrosion: 


Two factors give Transite Pressure _ the finished pipe. This high resistance 
Pipe exceptional resistance to corro- to corrosion has been substantiated 
sion: (1) the corrosion-resistant mate- by numerous installations. Many of 
rials of which it is made; (2) the’ these are serving as replacements in 
especially developed Johns-Manville _ soils so destructive that the useful life 
process of manufacture whichimparts of the pipe materials previously used 
a high degree of chemical stability to had been seriously curtailed. 
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4. Internal corrosion: 


Transite Pipe, because of its asbestos- 
cement composition, is not affected by 
tuberculation. Therefore, it is not nec- 
essary to resort to pipe of larger di- 
ameter to offset the internal effects of 
this costly form of pipe corrosion. And 
because progressive reduction of de- 


livery due to tuberculation capacity 
is never a problem in a Transite pipe 
line, pressures and flows remain high— 
pumps operate at higher efficiencies. 
These factors are often reflected in 
better service and lower water rates in 
communities served by Transite lines. 


5, Underground water losses: 


The Transite Ring-Tite method of 
assembly gives to municipal water 
systems the ultimate in locked-in 
tightness and a completed pipe line 
that assures the utmost in full, free 
flow of water under pressure. With 
the Ring-Tite Coupling, rubber rings 
are simply, speedily “smoothed” into 


grooves in the Transite sleeve. This 
simple act “spots” them easily and 
accurately in exact position, ready 
for assembly, and once in the groove, 
they’re there to stay. The Ring-Tite 
Coupling is designed to stop auto- 
matically in the correct position to 
form a tight yet flexible seal. 


6. Vibration and stresses: 


Not only is the Ring-Tite Coupling 
designed to stop in the correct posi- 
tion for tightness; it also stops in 
just the right position for separa- 
tion of pipe ends within the joint. 
This means that the coupling auto- 
matically provides for expansion, 
possesses the flexibility to relieve 
line stresses in service. The flexible 


7. Maintenance: 


In thousands of communities, Transite 
Pipe—with its advantages of joints 
that remain tight and flexible, its cor- 
rosion resistance, and immunity to 
tuberculation— provides low-cost 
water transportation that requires 
little, if any, maintenance. Transite 











joints effectively absorb the vibra- 
tion of heavy traffic, especially im- 
portant where pipe is laid under 
busy highways or near railroad and 
street car tracks. Deflections up to 
5° at each joint permit laying pipe 
around curves without special fit- 
tings. 


lines do not have to be cleaned, lined, 
or replaced because tuberculation has 
reduced their original capacity. Re- 
ports from communities all over the 
country prove that Transite’s asbes- 
tos-cement structure provides econo- 
mies that continue through the years. 


... the advantages of a complete, nationwide TRANSITE PIPE ORGANIZA- 
TION. The facilities of this organization include more than 250 field represen- 
tatives with headquarters in 58 cities. It also comprises a staff of competent 
installation instructors who explain recommended installation practices to pipe- 


laying crews. 


This J-M service is an important factor in helping to assure the installation econ- 
omies as well as the long-term overall economies that go with Transite Pressure 
Pipe. The work of this field organization is a vital part of the helpful Transite 
Pipe service which J-M offers the water works industry. 


DIMENSIONS AND APPROXIMATE WEIGHTS OF TRANSITE PRESSURE PIPE 


Transite Pressure Pipe is available in seven sizes from 4" through 16” and in three working classes—100, 150 and 200. 





Class 


working pressure, 


(nqutnem Equivalent 


head, feet 


of woter 


recommended 


Nominal inside diameter, in. 


12 





psi) 


Pounds per linear foot including Ring-Tite Coupling 





100 
150 
200 


231 
346 
462 


15.8 
19.9 
23.9 


21.8 
32.0 
37.2 


29.7 
43.8 
51.7 





W.&S.W.—REFERENCE & DATA 


1956 





derground storage tanks for gasoline, 
kerosene and diesel fuel. The equip- 
ment parking shed, a brick masonry 
structure 84 feet by 21 feet in plan 
with concrete roof and columns and 
clear headroom of 10 feet, is located 
along the rear of the paved yard area 
[his shed provides storage space for 
eight pieces of equipment. 

The pipe 


area roughly 


storage 
500 feet by 


yard, a graded 
200 feet in 
adjoins the maintenance 
building paved yard. Three parallel 
crushed stone driveways extend long 
itudinally through the pipe yard area 


dimensions, 


Planned Layout 


Meters brought in for testing and 
overhaul are unloaded onto a small 
concrete loading dock at truck-bed 
level, where they may be washed with 
before being taken into the 
shop. Materials and supplies 
dled in the 
stores re unloaded onto a 
roofed concrete dock, also at truck 
bed level, extending the full length 
of the exterior wall of these rooms 


a hose 
meter 
to be har small and larg: 


Ooms a>©re 


lhe cost of this project, exclusive 
oT site and 
approximate lv $170,000 


acquisition fencing, was 

Careful planning to meet functional 
requirements is apparent throughout 
this installation. ( onsideration ot em 
ployee comfort and welfare is exem 
pli ed by the 
wash and lounge rooms 


provision of modern 
and adequate 
The results are evident in improved 


ethciency of operations, as 


well as in 
high morale 


Water Main Extension Policy 


lhroughout the history of the in 
water utility management has 
water 


dustr 


been faced with demands for 


main extensions to serve new cus 


tomers. Such demands have varied in 
from the opening of a 
single block of in a well-grid 
n, to the development of 


importance 
street 
ironed systet 
large suburban subdivisions evolving 
into communities containing hundreds 
or even thousands of dwelling units 

How to such extensions is 
perhaps one of the oldest 
difficult of the 
confronting the 


nnance 
and most 
problems 
industry. In addition 
problem often in 
relating to legal re 
limitations: the im 
obligation of the 


unsolved 


to financing, the 
volves factors 
quirements and 
or asserted 
provide 


water service 


its primary service area 


contiguous thereto ; lin 
utility's 


capacity in the 
existing productio1 works and dis 


tributior ter and the 


possible 
sub 
Status 


ot the 


effects 
urban 


development of 


comn nities upon the 
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of existing residential and commer- 
cial districts within the parent city, 
as well as upon the plans of the par- 
ent city relating to annexation of these 
areas in connection with future or- 
derly enlargement of the city. 

It is perhaps quite generally 
thought that a water utility, either 
public or private, is obligated to ex- 
tend its service to any area within the 
corporate limits of the municipality it 
serves, although it is recognized that 
the utility should not be expected to 
finance such extensions unless the an- 
ticipated net operating revenues re- 
sulting therefrom will be sufficient to 
amortize the required investment. 

\s to the question of extending 
water service into fringe areas out 
side the boundaries of the parent city ; 
it is not likely that a utility is definite 
ly obligated to serve such areas in the 
first instance, although in some states 
(Pennsylvania and Massachusetts 
among others) it may be obligated to 
expand its suburban service if it has 
extended service beyond its 
boundaries. Whether or not a pri 
owned utility can be required 
into suburban 
areas depends upon local 
charter or franchise provisions, 


already 


vately 
to extend its service 
laws, its 
state 
requirements, 
ind other local 


egulatory commission 
established precedents, ‘ 
circumstances. To require such a util 
extend its service, if the 
from the ex 
sufficient to 


itv to so 
revenues to be derived 
tension would not be 


necessar)\ investment, 


support the 
would amount to confiscation of its 
property 

here is wide diversity in the prac 
tices and policies of watet utilities re 
the making of water main 
extensions The American Water 
Works Association, through the ac 
tivity ot its committee on Water 
Main has been 


studying 


=<] 
garding 


Extension Policy, 
the legal, financial and civic 
aspects of the problem. The final re- 
port of this committee, yet to be pub- 
lished, will, it is hoped, 
euide to utility management in estab 
administering 
main extension programs. A commit 
tee of the National Association of 
Railroad and Utility Commissioners 
is engaged in developing a set of uni- 


serve aS a 


lishing procedures for 


form rules applicable to the operation 
of water utilities, which will include a 
recommended standard practice in re- 
lation to main extensions, and which 
will be that Asso- 
ciation for adoption by state regula 


recommended by 


tory be clic S 


System Check-Ups 


The foregoing discussion has been 
limited generally to physical parts of 


the distribution. But system check- 
ups constitute a very important item 
in connection with operation. Con- 
stant study should be given to the 
matter of maintaining adequate pres- 
sures throughout the system, and this 
in turn directly concerns the matter 
of adequate main capacities. There- 
fore, system surveys to determine 
pipe capacities, operating pressures, 
etc., are essential to proper operating. 

These surveys are usually made 
with the pitometer. The data obtained 
disclose the hydraulic properties of 
the mains (i.e., friction coefficients, 
etc.), as well as leakage. In large sys- 
tems such surveys are generally car- 
ried on more or less continuously. In 
smaller cities they can be made less 
frequently. Between such surveys, 
constant attention should be given to 
such items as pressures, lost and un- 
accounted for water, incrustation of 
pipe, etc 


Distribution System Costs 


The term “cost,” as related to a 
fully adequate and satisfactory dis 
tribution system, can be discussed 
only in broad generalities. It may be 
considered from the viewpoint ot the 
total capital investment, or the histor- 
ical cost, or from the viewpoint of the 
cost of reproducing an existing sys- 
tem at present day prices. 

On the historical cost, or invested 
capital basis, Howson* in a 1946 
study of statistics on 100 water works 
systems found that the average per 
customer investment in water works 
plant had increased from $238 in 
1925 to $310 in 1945. These 100 sys- 
tems served 1,500,000 customers in 
the earlier year and more than 1,900,- 
000 customers in 1946. If, on the 
average, the investment in distribu- 
tion system were taken as two-thirds 
of the total plant investment, the per 
customer investment in distribution 
facilities would be $159 for 1925 and 
$207 for 1945. 

\nalysis of data presented in a 
report of the American Water Works 
\ssociation indicates that in 1950 the 
mean book value per customer ac- 
count, undepreciated, or the invested 
capital in water works plant, per cus- 
tomer account, varied by population 
groups from $254 for the smaller 
cities to $504 for cities over 500,000 
population. Results of this analysis 
are given in Table 1. 

\gain, if the book value of distri- 
bution system facilities is taken as 
two-thirds of the total plant invest- 
ment, the mean 1950 book value per 
customer account for these facilities 
by population groups was: 


* AWWA Journal, Vol 








Mean Book Value per Customer Acct. 


Totai 
Plant 


Distribution 
Facilities 





$254.14 
273.35 
295.26 
311.32 


$169.44 
182.24 
196.85 
207.56 


TABLE 1 


Capital Investment in Water Works Plant 





Population 
Range, 
1,000’s 


No. of 
Plants 


124 


Total Pop. 


Served, 
1,000’s 


, 109 


409.78 273.20 
6 503.93 335.97 


tSurvey of Operating Data for Water Works ir 
1950, AWWA Journal, June 1953. 





A study of nine recent appraisals 
of water distribution properties indi- 
cates per customer based on 
present construction prices, ranging 
from $240.56 to $507.06, the weighted 
average being $348.66. The cost of 
reproduction new for each of these 
properties was determined by apply- 
prices current at 
1954, 


costs, 


ing construction 
each location on July iB 
tual inventories 
\lthough these figures indicate the 
costs of specific distribution systems 
at present day prices, and although 


to ac 


they may serve to establish limits be 
tween which the actual cost per cus 
tomer for any distribution system may 
fall, the characteristics of distribution 
systems are so diverse that average 
cost units derived from a study of any 
one such system cannot be applied 
with assurance to any other system 
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From Table 2 


Ay. 
Persons 
per 
Account 


Mean Book Value 
Per Per 
Capita* Customer 


Customer 
Accounts, 
1,000’s 
54 85 $66.01 
) 6 


54.14 
273.35 
66.80 295.26 
65.68 311.32 
85.37 409.78 
73.89 503.93 


ah 





A fully adequate and satisfactory 
water distribution system is a rarity. 
Changing developments in land usage 
within or contiguous to the primary 
service area and the continuing up 
ward trend in the use of water by 
the public, impose ever-increasing de 
mands on the capacity of the system. 
Distribution facilities which a decade 
ago may have been considered as sub 
stantially adequate and satisfactory 
may in some respects be wholly inade 
quate to meet today’s demands. Con 
tinual improvement of the system, by 
the installation of additional feeder 
mains, distribution storage, distribu- 
tion pumping stations, and appurte 
nant facilities is necessary to main 
tain its adequacy. 


\lert management will, by constant 
analysis of current and prospective 
demands, be cognizant of existing and 
developing inadequacies’ in distribu 
tion facilities, and will maintain a 
well-planned program of improve- 
ments to correct these inadequacies. 
\lert management also will keep its 
patrons fully informed as to the need 
for such improvements, the capital 
investment required, and the addi- 
tional revenue which they must pay to 
support the additional investment. 
They make the decision as to whether 
the value of the more adequate serv 
ice which the improved system will 
provide will justify the required in- 
vestment and any proposed increase 
in rates. 





Fire Flows Required for Towns of Various Sizes, 
by National Board of Underwriters 


Population 


1,000... 
2,000. ... 
4,000... 
6,000. 
10,000 
13,000..... 
17,000..... 
22,000 
28,000... 
40,000 
60,000... 
80,000... 
100,000. . 
125,000 
150,000 
200,000... 


Over 200,000 population, 12,000 gallons a minute, with 2,000 te 


8,000 gallons additional for a second fire. 


In residential districts the required fire flow depends upon the 
character and congestion of the buildings. Sections where build- 
ings are small and of iow height and with about one-third the 
lots in a block built upon, require not less than 500 gallons a 
minute; with larger or higher buildings up to 1,000 gallons is re- 
quired, and where the district is closely built, or buildings ap- 
proach the dimension of hotels or high value residences, 1,500 to 
3,000 gallons is required, with up to 6,000 gallons in densely built 


sections of 3-story buildings. 


Commercial Pipe Sizes for Fire Streams* 


50 Pounds | 
Pressure | 


Ordinary Fire Streams 





70 Pounds 
Pressure 


90 Pounds 
Pressure 


80 Pounds 
Pressure 


60 Pounds 
Pressure 





Required Fire Flow, 
Gallons per Minute 
for Average City 


Hose Nozzles 





Number of 1 4-Inch 


1.000 


Required Size 
Pipe Ins. 


1,500 


| 


2,000 
2,500 
3,000 
3,500 
4,000 
4,500 
5,000 
6,000 
7,000 


et ee et ee 


AEN RK OCR IOUSGN ER 
ae ee 
BSBODCSeNNNOOCBOe 


eee ee 








Required Size 
Pipe Ins. 





Pipe Ins. 
per Min. 
Required Size 
Pipe Ins. 
Pipe Ins. 
per Min. 
Pipe Inz. 
ow Cu. Ft. 

per Min 


Required Size 
Flow Cu. Ft 

Pequired Size 
Flow Cu. Ft. 
Required Size 


es| 

















401 











8,000 
9,000 


High-Pressure Fire Streams 





10,000 


100 Pounds 
11,000 Pr 


essure 


10 Pounds 
Pressure 


150 Pounds 
Pressure 


140 Pounds 
Pressure 


130 Pounds 
Pressure 


120 Pounds 
Pressure 





12,000 


Veen K Oo OCS4OUeuUNne 


ae ee et ee 

















35 
70 
































1 }-4ach smooth 
quailty rebber-tacd 
water 


To convert cubic feet to gallons, multiply by 7.4805. . 
In calculating above table, the following assumptions were made: 
fore, playing ay and attached to 200 feet of best 


Nozzles, 


; pressures measured at hose connections; velocity of 


pipe approximately 3 fect per second. 
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Design Of Main Extensions Of Small Size 


Where No Fire Service is Required 


By D. R. TAYLOR 


General Manager, Baton Rouge Water Works Co., Baton Rouge, Louisiana 


water utilities are occasion- 
onted with the necessity of 
extensions. Where fire pro- 
tired, design techniques and 
been more or less standard- 


erally accepted. Frequently, 
numerous reasons well know: 

n, only domestic service will 
r a long time or at least for 
nd a small main extension is 


main extension for domestic 


e€ maximum domestic de- 
wn. During the last dec- 
n has been given this sub 
of the Meter Master, 
een and are still being 
, to determine maxi 
results vary 


ns will o urse affect 
nsiderable variance has 


ame section in sev 


Property Classification and 
Water Consumption 

For several years tests have been 
lucted in Baton Rouge by metering the total 
consumption of various numbers of resi- 
dences of various classifications of property 
in an effort to determine maximum domestic 
demand. The Meter Master has been used 
in each test to record the various rates of 
flow. It has been desired to determine the 
maximum demand during the longest, hot- 
test, driest, period that might occur within 
ten years, when lawn sprinkling reached a 
maximum. The ten year period was consid- 
ered to be reasonable and practical. While 
several droughts occurred during the period 
ot the tests, was considered to be the 
maximum. Realizing that lawn 
sprinkling can increase the demand enor- 
mously, a substantial percentage was added 
to the results to simulate maximum drought 
conditions for such a period 

While the rates shown have proved suffi 
cient for this locality, it is felt that subse 
uent tests may suggest some slight down 


con- 


nom 


ten year 


Table | 
Maximum Domestic Demand in G.P.M. 


For various types of houses with tank-type toilets. 





CLASS 
Number 


OF PROPERTY 





of 
Houses 





IM eM OBOrWAe 























ub-Standard houses with barest minimum of plumbing where little or no 


lawn sprinkling is expected. 


mal] houses with one bath, 
rental duplex houses. 


on small lot. 
Very little lawn sprinkling. 


Small rental houses and small 
Either side of a 


juplex is considered as one house, 


Average good sub-division with 808 two to three bedroom houses with one 


bath and 


208 two to three bedroom houses with two baths. 


Houses owned by 


pant, with average amount of lawn and shrubbery requiring average 


amount of lawn sprinkling. 


Houses with three to four bedrooms and two to three baths on large lots 


requiring considerable lawn sprinkling. 


or without swigming pools. 
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Does not include estates with 


ward revision for the larger numbers of 
houses in Classes 3 and 4. Based on these 
rates, however, a review of the design of 
more than twenty miles of small main ex- 
tensions ranging in length from 100 to 3000 
ft., installed during the last five years, has 
proved that these rates are adequate. 

In Table 1, Class 1 may be of little use to 
the average city, on the other hand the 
author has assisted several small towns with 
populations of less than 5000 that were more 
rural than urban, where prospective cus- 
tomers desired only a minimum of service 
and where either they could afford very 
little expense for the main extension or the 
town had practically nothing in its budget 
to defray the expense of the installation. In 
these instances, Class 1 rates were satisfac- 
tory to all concerned. This class is in- 
cluded for those who are forced to resort 
to its use. 


Loss of Head in Pipe 


In Baton Rouge, raw water from deep 
wells has a total hardness of zero, a total 
alkalinity of 170, of which 150 ppm. is due 
to bicarbonates, a pH of 8.7 and requires no 
treatment. Mains 20 years old have a C of 
120 or more. 

rhe losses of head in Fig 
actual inside diameter instead of 
diameter. The sizes marked G. S. represent 
galvanized standard weight steel pipe. While 
all sizes of steel pipe are designated by nom- 
inal diameter, the various sizes of cast iron 
pipe are designated by actual diameter. This 
has been done for the following reason: All 
standard weight steel pipe is made to the 
same specifications by the various manufac- 
turers, but the inside diameter of some small 
sizes of cast iron pipe varies with different 
manufacturers. Therefore, it seems appro- 
priate to indicate the nominal diameter of 
galvanized steel pipe and actual diameter of 
cast iron pipe. In any event the actual 
diameter of the pipe being considered should 
be known. If it is desired to design with a 
C other than 120, the values in Fig. 1 should 
be multiplied by the proper multiplier 
shown in the following table: 

Value of C 140 130 120 110 100 
Multiplier 75 86 10 1.17 1.4 


1 are based on 
nominal 


The small sizes of cast iron pipe are very 
popular for small main extensions because of 
the cast iron permanence and because of this 
small cast iron pipe can be salvaged, when 
replaced with larger mains to provide fire 
protection, and reused as often or as long 
as desired 
? 


The curve in Fig. 2 was derived from the 


formula, 
=IN™ 
N™ 1 


Where N = Number of houses 
m = 1.85 


This formula was designed to determine 
the total friction loss in a pipe line with any 
number of outlets, an equal distance apart 
and all discharging at the same rate. (When 
N=1, F=1) It may be considered that 
these two conditions are satisfied when all 
of the lots are of the same width and all of 
the houses are of the same class. A slight 
variation in these conditions on a relatively 





SMITH MANUFACTURING CO. 


produces, FIRE HYDRANTS A. W. W. A. Specification 
and High Pressure — Compression Type — Dry and Wet Barrel 
Types. » GATE VALVES sizes 2” thru 66”, Manual, Hydraulic 
Cylinder, Electric Motor Operated for Low, Medium and High Pres- 
sure Service. INSERTING VALVES sizes 4” thru 48” for 


inserting under pressure. —\ TAPPING SLEEVE AND VALVES 


sizes 4” x 2” thru 60” x 48” for branch connections under pressure. 


gr AN Ts 


yj. THE A.P. SMITH MFG. CO. 


ny \ 9° EAST ORANGE, NEW JERSEY 
Ce \% 
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S. MORGAN SMITH COMPANY 


York, Penna. 


Representatives in— 
El Paso 


Houston 
Indianapolis 
Kansas City 
Los Angeles 
Milwaukee 


Chicago 
Cincinnati 
Cleveland 
Dallas 
Denver 
Detroit 


Albuquerque 
Atlanta 
Baltimore 
Baton Rouge 
Boston 
Charlotte 


New York 
Omaha 


N.C, Pittsburgh 


Minneapolis 
Newton, lowa 


Philadelphia 


Bogota (Colombia) 
Caracas (Venezuela) 
Honolulu (Hawaii) 
Panama, R. P. 

Paris (France) 
Toronto (Ontario) 


Seattle 

Syracuse 

Tampa 

Temple City, Cal. 
Tulsa 

Wichita 


Portland, Ore. 
Richmond, Va. 
Rochester, N. Y. 
St. Louis 

Salt Lake City 


San Francisco 


Affiliate: S. Morgan Smith, Canada, Limited, Toronto 


SMS VALVES FOR DEPENDABLE ECONOMICAL SERVICE 


R-S AND SMS BUTTERFLY VALVES 


MORE COMPACT and lighter in weight than most types. 
They permit concise layouts with direct savings in con- 
struction and in-place costs. Valves are made in all mate- 
rials that can be cast or welded. Metal-seated valves can 
be built to operate over any range of temperature, either 
sub-zero or elevated. Babbitt or rubber seats meet a wide 
range of pressure and closure conditions. Rubber-seated 
butterfly valves are drop tight at 125 psig through a 
temperature range from plus 200°F to minus 20°F. 


COMPLETE CONTROL in all positions of normal regu- 
lating range. The valve can be equipped with positioner 
to simulate a straight linear or semi-log characteristic. 


ALL TYPES of operators are available. Closure time can 
be furnished from | second to 10 minutes or more to meet 
operation needs. 


MINIMUM PRESSURE DROP SAVES POWER. In open 
position the streamlined valve disc simulates a Venturi 
action. Pressure drop is less than in many other valve 
types resulting in substantial savings in pumping power. 





A 50# rubber-seated valve with totally-enclosed manual operator. 
R-S rubber-seated valves have a tough, resilient rubber seat which 
positively seals the disk periphery and shaft bosses. 


SMS-ROTOVALVES FOR RUGGED SERVICE... 


THE ROTOVALVES' full line opening offers no more resistance 
than a straight piece of pipe of the same diameter. Less re- 
sistance means less head loss for the lowest pumping costs ob- 
tainable. SMS-Rotovalves are the proven answer to many con- 
trol problems. The principle of hydraulic imbalance assists clos- 
ing for faster, easier operation. One Rotovalve can often 
replace two or more conventional valves for faster, more posi- 
tive closure and control of water hammer. 


WEAR FACTOR is negligible with Rotovalves. In operation 
the conical plug first lifts, then rotates, finally reseats in either 
open or closed position. This action ensures fight, positive 
seating throughout valve life by avoiding wear and abrasion 
at the valve seats. 


SMS BALL VALVES GIVE STRAIGHT-THROUGH FLOW 


BALL VALVES are similer in flow characteristics to SMS- 
Rotovalves. They do not seat in the open position, and 
have slightly greater head loss than Rotovalves. 


TIGHT CLOSURE is assured by the wedging action of 


the metal-to-metal seats. 


EASE OF OPERATION results from tremendous leverage 
and the fact that flow velocity tends to ease closure. 


SMS BALL VALVES provide across the board economy— 
lower first-cost, lower pumping costs and extended line 
and valve life. 

W.&S. W. 
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short extension of one size will make little 
lifference. 

rhere may be rare instances, especially on 
a long extension, consisting of two sizes ot 
pipe, when there may be some considerabk 
variance in these two conditions along the 
extension or the width of the lots and/or 
class of houses may be different at either 
end of the extension. In such instances th 
use of a little practical judgment in making 
reasonable prorations to fit the conditions 
will provide satisfactory results. In this 
“N” is designated as the “number of 
assuming that there is a separated 
outlet (tap) for each house. 

When taps for two houses on opposite 
sides of the street are very close together 
on the main they should be considered as 
one “outlet” or “house” and the rate per 
multiplied by two. For instance, if 
this condition existed for 40 houses (20 on 
either side of the street) on fifty foot lots 
along an extension 1000 ft. long, it should 
be considered that N =40--2—20. If these 
Class 3 houses the rate per house 
Table 1) would equal 62--20=3.1 


CaM 


houses,” 


house 


were 
(trom 
amount of residual pressure to be 
provided at the tap is a matter of opinion 
It may vary from 25 psi. for sin 
gle story Class 2 houses to 40 psi. for two 
story Class 4 houses. 
otal friction loss in a main extension for 
domestic service, expressed in pounds per 
square inch, equals length of the extension 
in hundreds of feet, times friction loss per 
100 ft. in pounds per square inch, times fac- 
tor (F). For example, assume that a 2-in 
G.S. main with a C of 120, 500 ft. long, fed 
from only one end, serving 10 houses, has a 
maximum demand of 40 gallons per minute 
What is the total friction loss in this main? 


wr policy. 


4789/ 2 
»ss-of-Head in P 


With 


I per 100 ft 


loss for 2-in. G.S 


l, friction : 

gpm. is 1.7 pounds per square 

and from Fig. 2, for 10 

Therefore, total frictior 
3 43 psi 


m Fig 
at 40 
per 100 ft. 
houses F is .404, 
| 5<1.7X.404 


The Design Process 


ProscemM 1: A 1500 ft. main extension is 
required to serve 60 Class 2 houses on 50 ft 
lots (30 on either side of the street) and the 
main will be fed from both ends. The daily 
minimum distribution system pressure is 50 
psi. and a residual pressure of 30 psi. is de 
sired at each tap. Therefore, only 20 psi 
can be allowed for friction loss, 50—30= 20. 
Assume that 1% in. galvanized steel pipe 
with a C of 100 will be required. 
lst Trial Calculation 
rom Table 1, maximum demand for 60 Class 

| 59 gpm 
friction 
y gpm 
for 60 houses, F 


oss through 1% in. G.S 
11.8 psi per 100 ft 
= 0.358 
Values in Fig. 1 are for a C of 120 and 
must be multiplied by 1.4 for a C of 100 
This extension will be fed from both ends, 
therefore the total friction calculated 
is if it were fed only from one end must be 
divided by 2*™ i.e., (3.6) or multiplied by 
reciprocal of 2*™ i.e., (.278). 


loss 


oss 


4x 358 & 78 
This exceeds the friction loss of 20 psi 
that can be allowed, so the calculation 
should be repeated for pipe a size larger, as 
for instance 2 in. i 


cast iron pip 


Pit 
nd Trial Calculation 

From Fig. 1 
pipe for 59 gpm 


4.2 psi. per 100 ft. 


loss throug] 


frictior 


3 4 F67897% 


358 X .278 8.75 psi 
\ 2 in. cast iron main will satisfy the 
iximum demand with a residual pressure 

of approximately 41.25 psi. at the taps. 
ProsLeM 2: A 3000 ft. extension is re 

uired to serve 120 Class 3 residences on 50 
ft. lots. The daily minimum distribution 
system pressure is 60 psi. and a residual 
pressure of 35 psi. is desired at each tap 


Cherefore, only 25 psi. can be allowed for 
s 
=25 


friction loss, 60—35 
Table 1, 
Class 3 houses=108 gpm.* 
1500 ft. of 3.30 in 


) 


<3 in 
} 


maximum demand for 120 
Assume that 
cast iron and 1500 ft. of 
cast iron pipe with a C of 120 will 
e required. 


From 


lst Trial Calculation 


1500 50 X 2 60 houses on 3.30 in. main 


1500 50 X 2 


120 


6U XxX UY 


60 houses on 2% in. main 


108 0.9 gpm. per house 

54 gpm maximum demand 
for 3.30 in. pipe 

maximum demand 


pipe 


54 gpm 

for 2% in 

Average rate of flow through the 3.30 

n. pipe equals influent rate, plus effluent 
rate, plus rate per house, divided by 2 

Influent pipe 108.0 gpm 

Effluent pipe 54.0 gpm 

9 gpm 


rate of 3.30 in 
of 30 in 


ouse 


rate 
Rate per | 


Total 162.9 gpm 


pipe 
gpm 
through 3.30 in 


Average rate through 30 ir 
162.9 2 81.45 
From Fig. 1, 


$1.45 gpm 


pipe for 


loss 
67 psi 


per 100 ft. 


*By interpolation 
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Fig. 2 


; through the 3.30 in 
10.05 psi 


ough 2% 


pipe 


in. pipe for 


through 2% 
55 14.35 psi 
and 2% in. pipe 


24.40 psi 


1500 ft. of 
in. pipe will 
a residual 
si. at the 


consisting of 
1500 ft. of 2% 
iximum demand with 
roximately 35.60 

A 3000 ft. extension is re- 
120 Class 3 houses on 50 ft 
minimum distribution 
and a residual 
si. is de — at each tap. There- 
be allowed for friction 

“The taps for each pair of 

sides of the street will be 

one foot of each other, along 

In this case the extension will be 
th ends and it is desired to use 
ilvanized steel pipe 

of the next larger 


sys 


is 50 psi 


pres- 


as pos- 


size as 
120 


500 


maximum demand 


108 gpm. Assume that 


oss-of-Head Curve for Determining [actor for | 


I 


ft. of 2% in. and 
steel pipe with a C 


Trial 


Ist 
500 10 he 
taps 


50 he 


Each pair of 
2500 50 
60 

1.8 g 
18 gp 
2u% 1 
90 gp 
2 in 


1.8 
1.8 


rate 


tal 
Average rate thru 
198.8 2 
From Fig. 1, loss tl 
for 99.98 gpm 

4 psi 
Therefore, total 
x 4 

, loss t 


> 


Pp 
> for 60 


total los 
25 7.7 
fom 21 


Therefore, 


Total lo 
ne end 


20.0 + 


ss 


68 


Useful Information 


f water @ 62°F... . 
S. gallon of water @ 62° F 
1 U. 8. Gallon 

1 U. S. gallon 

I cubic foot 

1 Imperial gallon 

1 litre 

1 oubic meter 

1 foot depth of water @ 
1 pound (per square inch 
1 horsepower 

1 horsepower 


1 cubic foot « 
iU 


Weighs 62.36 pounds 
Weighs 8.33 pounds 
231 eubie inches 
0.13367 eubie feet 
7.48 U. 8. gallons 
1.2003 U. 8. gallons 
0.26417 U. S. gallons 
264.2 U. S. gallons 
62° F = 0.433 lbs. (per sq. in.) pres. 
pressure. =. 2.309 feet depth of water 
= 550 foot pounds per second 
= 33 000 foot pounds per min. 
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1 kilowatt 

1 kilowatt 

1 horsepower 

1 cubic inch cast iron 
1 eubie foot cast iron 
1 cubie inch steel 

1 cubic foot steel 


1 eubie foot cement (1 bag) as 


1 cubic yard sand 

1 cubic yard gravel 

1 eubie foot common brick 
1000 brick 


2500 ft. of 2 in. 


loss thru 
20.0 psi 


of Houses 


$ 38 


galvanized 


of 120 will be required. 


Calculation 


muses on 2% in 
made close tog 


uses on 2 if 


pm. per house 
m m 
n. pipe 
m 
pipe 
ot 2! 
of 


aximum demand for 


maximut mand for 


in. 108.0 
in 


gpm 
gpm 
1.8 gpm 


pipe 


pipe 9U.U 


199.8 gpm. 
2% in. pipe 
99.9 gpm 


iru 2% in. pipe 


the 2% in. pipe 


hru 2 in. pipe for 90 gpm 


houses 

2 in pipe 
68.9 psi 
in. if 


s thru the 
358 
6 and 2 from 


fed 


9 = 88.9 psi 


1000 watts 
a Al horsepower 

0.7457 kilowatts 
Weighs 0.260 pounds 

‘ Weighs 450 pounds 

. . Weighs 0.2835 pounds 
Weighs 490 pounds 

Weighs 90 pounds 

. Weighs 2700 pounds approx. 
Weighs 2700 pounds approx. 
Weighs 120 pounds approx. 
Weigh 5300 pounds approx. 


N 


‘arious Numbers of Houses. 


Total loss if fed from both ends 
88.9 X .278 24.7 psi. 


This extension will satisfy the maximum 
demand with a residual pressure of approxi- 
mately 25.3 psi. 


The values shown in Table 1 are not con- 
sidered to be the perfect answer. The mat- 
ter of maximum domestic demand may 
never be reduced to an “exact science.” 
Considerable research, however is being 
conducted in various sections of the country 
and results are looked forward to by the 
profession with much interest. The values 
used herein have been obtained in a southern 
state where the growing season is long and 
the summer temperature is high. There are 
many garden clubs and an amazing interest 
is shown in growing semi-tropical plants, 
including camellias which may cost as much 
as $50.00 each, for a rare variety, several 
years old. For obvious reasons there is con- 
siderable sprinkling. Therefore, these maxi- 
mum domestic demand values may be slight 
ly high for other sections of the country. 

These values are offered as a basis for 
further study and for use in design, until 
such values are determined for the particu- 
lar section in which they may be used, if 
conditions in that section require that other 
values be used. 


Formulas for Calculating Areas and Volumes 


st < radius* X 7 

\% X diameter’ X 

. 1.237 X (diameter of tank)* 

. 0.17431 x (diameter of tank)* 
Perimeter of base X } slant ht. 


Vs of PDM beni, 
Area of cone or pyramid... 
Volume of cone or pyramid. .. 


= Area of base X of height 
a TA esi 


= (Perimeter of base + perimeter of 
of top) X 4 slant height. 
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GOLDEN-ANDERSON VALVE SPECIALTY COMPANY 


1246 Ridge Avenue, Pittsburgh 33, Pa. 


Cushioned Water and Steam Control Valves 





Specifically designed for municipal water works systems 





Self-contained, accurate water level 
control—for high pressure. 


BULLETIN W-5 


Altitude Control Valve 


For accurate water level control in 
tonks, reservoirs, etc. 


BULLETIN W-4 


Hydraulic Check Valve 


Cushioned check valve for use with 
reciprocating pump. 
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a" 


Solenoid Operated Electric 
Water Service Valve 
Full-ported-cushioned-sizes to 36°’. Ad- 
justable operating speeds. 

BULLETIN W-7 





Surge Relief Valve 


Prevent hammer and shock—fast open- 
ing—slow closing cushioned valve—sizes 
to 36" 

BULLETIN W-2 


Cold Water Float Valve 


Woter level control—open tanks cush- 
joned to high pressure service. 
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Water Pressure Reducing Valve 
Cushioned reducing valve—wide range 
adjustment—tight closing. 
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Swing Check Valve 


Cushioned only on last 5% of stroke— 
fast closing. 
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Automatic Turbine Stop Vaive 


Prevent fly-wheel explosions and over- 
speed on turbines. 
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Single-Acting Non-Return Vaive 
Cushioned check valve to prevent re- 
turn flow of steam. 

BULLETIN S-2 
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Triple-Acting Non-Return Valve 


Closes on ruptured boiler tube or on 
ruptured header-protection both ways. 
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Flowtrol Valve 


Used instead of hard-to-open gate or 
plug valves—simple and positive. 
BULLETIN W-3A 





Write for our detailed Technical Bulletins 
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Application of Altitude Valves 


and Pressure Regulators 


= 


By WILLIAM F. END 
Engineer and Treasurer, Ross Valve Mfg. Co. 
Troy, N. Y. 
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Valves to Balance Head 


— SUBJECT matter of this papet 
is a review of the practical 


and operation 


and 
successful installatior 
of automatic valves some having 
been in service (and on 24-hour duty ) 
a half century 

\long with the development of the 
pure water, has 


for 


of supplying 
allied work of dis 


science 
grown the closely 
tributing this water to the population 
being served. As the areas of popula 
tion have expanded with the evolution 
of running water at the tap in the 
household, and the extinction of the 
public well, so likewise have the prob 
lems of pressures and pressure con 
trol expanded 

Che 
the water 
never more true when applied to the 
From the 


old adage, ‘You 


till the well runs dry” was 


never miss 


present day water supply 
standpoint of health, and the danger 
of fire hazard to a community, even a 
temporary shut-down of 


pressures in a public water supply 1s 


service Or 


of serious 

Che magnitude and responsibilities 
of the present-day water supply sys 
tem have wate! 


consequence 


necessarily caused 
works engineers and operators to turn 
to the automatic devices for in 
creasing the efficiency and reliability 
of the service. Let there be no mis 
take about the re sponsibility of these 
24-hour job 
the com 


use oT 


individuals; theirs is a 


subject to the mandates of 
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mission, politicians, and individual 
consumer. To provide anything but a 
miserable existence for the operator, 
‘“‘must™” to have in the 
system devices such as automatic 
valves and automatic equipment. 

lhe advantages of an automatic 
pressure control valve, properly de- 
signed, installed and maintained, per 
flexibility within the system be 


it becomes a 


mut 


VALVE 


DISTRIBUTION 


cause of the ability of this device to 
adjust itself for the normal and ab- 
normal conditions over the 24-hour 
day ; and without undue attention by 
the operator. 


Types of Automatic Valves 

There are four standard types of 
automatic valves, any one or combina- 
tion (a single unit having two or more 
controls) of which may serve in the 
control of flow or pressures—thereby 
increasing the efficiency of the com- 
plete water supply system. A gravity 
or pump supply with or without tanks 
floating on the system undoubtedly 
will have need for some type of auto- 
matic valve which will correct unbal- 
anced or excessively high pressures. 

Che four basic or standard types of 
automatic valves may be identified as : 
1. Pressure Reducing, 2. Altitude, 3. 
Relief-Surge-Back Pressure, and 4. 
Float. 
Pressure Reducing Valves 

Che first of these valves made its 
appearance in the waterworks field as 
a throttling orifice in London about 
1700. Constant pressure reduction 
was, of course, possible only with a 
uniform rate of flow. The engineer 





ELEVATION-\000.0 | RESERVOIR 


VALVE - ELEVATION 746.0 


VALVE - ELEVATION 4920 


ELEverTion 238.0 








Valves to Reduce Static Pressure 
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tlance 


soon devised a means of changing 
automatically the size of orifice (in 
smaller valves only). This device was 
in the form of stem movement into 
and out of the valve seat. While the 
change was an improvement, the de- 
sign made use of an unbalanced stem 


and was considered by qualified stu- 
dents to be bad practice. 

As late as the 1870's, presure re- 
duction in water supply for pipe lines 
larger than 3” was accomplished by 
what was known as break-point ba- 
sins. Water discharging from a pipe 
into these small basins would reenter 
the pipe at about zero pressure; and, 
depending on the head or pressure to 
be dissipated, one or more break- 
points were a part of the gravity pipe 
line from reservoir to distribution. By 
this method of pressure reduction, 
control for the varying rates of flow 
was difficult and resulted on the one 
hand in overflow of the basin with 
consequent waste of water; and, on 
the other hand, drainage of the basis 
and entrained air in the pipe line. The 
engineer’s problem of maintaining 
adequate flow, pressure reduction and 
elimination of air and waste was 
ultimately solved by replacement of 
break-point basins with the pressure 
reducing valve. 

A valve which will maintain con- 
stant pressure at its discharge side is 
considered a pressure reducing valve 
In the sketches immediately following 
are illustrations of the use of this 
valve adapted for the particular need 
in conduit from reservoir to distri- 
bution. 

Sketch No. 1 shows reservoirs and 
a distribution system in which, as the 
extensions enlarged the system, addi- 
tional reservoir or storage is required. 
Since reservoirs normally cannot be 
located at one elevation, the problem 
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Unequal Pressure 


of heads becomes one of the balanc 
ing of pressures; and the need, there 
fore, of automatic devices. Pressure 
reducing valves in the pipe lines from 
the reservoirs of higher elevation may 
be adjusted to discharge into the sys 
tem at the same head as that available 
from the low reservoir. 

Sketch No. 2 is another illustration 
showing the need of pressure reduc 
tion in a pipe from a reservoir having 
an elevation (let us assume) 1000 ft 
above the distribution system. If the 
satic pressure of 1000 ft (or approx- 
imately 435 Ibs) were to enter dis 
tribution, with no stretch of imagina 
tion one may visualize the problems 
with which the operator would be 
confronted. Three stations of pres 
sure reduction from 110 Ibs to 10 Ibs 
each would dissipate approximately 
700 ft or 300 lbs of static head; and 
allow approximately 100 Ibs pressure 
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to safely enter the distribution. 

Sketch No. 3. Where, because of 
the contour of the terrain, a commun- 
ity is inflicted with a distribution 
which has much greater length than 
breadth, and a supply entering at one 
end, the problem of unequal pressures 
because of head loss is a major one. 
\ssuming the trunk main runs the 
length of the distribution system, uni- 
form pressure may be had throughout 
the entire length of the system by sup- 
plying water through pressure reduc- 
tion chambers located at strategic 
points along the feeder main. 

Sketch No. 4. A community located 
on a side hill, with little or no flat 
land, presents a problem of pressure 
zoning ; and suggests inter-connection 
of these zones by pressure reducing 
valves. When our forefathers chose 
to settle on the banks of a river in 
mountainous and semi-mountainous 
country, they had in mind water 
transportation and water supply in the 
form of the hand pump and bucket. 
-xpansion and development was ad 
jacent to the river; however, when 
(prompted by the river 
flooding low lands or for other rea- 
started movement up hill to 
higher ground, the settlers promptly 
engineered the first of our gravity 
supplies. As the community or city 
grew upon a side hill, so also grew 
the problem of constant and uniform 
pressures, resulting in the develop 
ment of pressure zoning and the fur 
ther need of the pressure reducing 
valve. 

Sketch No. 5. In passing, comment 
should be made on the 
“sleeping valve.” This valve (pressure 
reducing) located between two sys- 
tems, zones or districts, opens occa- 
sionally only for a pre-adjusted pres- 


expansion 


sons }) 


so-called 
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Valves to Zone Pressure 


W.&S.W.—REFERENCE & Data— 1956 





Altitude 


| 
| 


(rcstevor 


Valves 


T¢ 


makeup water for the 


discharge 


ively controlling 


fic Ww 


also may 


side 


he 


lve, anothe I 


utomat« 


and 


le vated 


a 


i 


waterworks 


valves, a 
interest 


tanks 


mstruments 


distribution sy 
reased the v: 


| 


the 


li 
Lite 


isolating 


] 


ik loads is 


icon 


tl Valve 


shy] 
\ single 
whicl 


reseTrTvolt 


] 


qaoes 
bination 


he treated in 


i@ acting 


of 
made to 


( 


pre 
in 


( 


the 


if there is need 


rT the 
‘ 
when 
were 
tes 

he 
stem 
»f the 


the 


de 


nents 


not 


icting alti 


. 
permits flow 


and close 5 


isc harg¢ 


AKCl 


yvpass 
| 


Ititucl 


Ve 


& 


’ 


} 
and 


1 
Valve 


DATA 


trom 


through a 


swing 


SKETCH: NO-6 





\ sing le at 
external control which will the 


in 


allow 
valve to operate 
’ 


1@ 


stem in the mai 


two positions wit opel and closed 
or as a throttling valve where the 
of 


wate! 


coiumn 


the 


main stem floats on the 


water, gradually closit 


rises in the tank or reservoir 


rhe « 


pass 


louble acting valve opens wide 
into the 
’ 


and ope 


to wate! tank, closes to 


s wide for 


prevent overflow, 


reverse flow from tank to distribution 


rhe 


therefore requi 


would 
for 
the 


installation this valve 
ply 
supply to and arge from 
tank 
The location of 
should be 


ervorr, 


adjacent to the 


or as near as Con 
stacles will allow Such 
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> Altimde Valves 


permit communication to the pilot of 
the true static head of water in the 
tank, which. otherwise is not possible 
because of friction loss between valve 
and tank. A true static pressure com- 
munication to pilot will guarantee sen- 
sitive and accurate control of the tank. 

\ltitude valves are normally con- 
trolled by hydraulic pilots; however, 
both the single acting and double act- 
ing altitude valves may be controlled 
by a three port solenoid which is actu- 
ated (energized or de-energized) by 
a float or pressure switch 


Relief or Surge Valves 


rhe relief or some 
times called back pressure valve, is 
another of the four standard types of 
automatic valves in use in the water- 
works field. This valve responds to 
at its inlet side rather than 
to pressures at the discharge side, as 


surge valve, 


pressures 


is the case of the pressure reduction 


valve or the single acting altitude 


valve. 

When referred to as a relief valve, 
device 
tor releasing a gradual pressure rise 
which may, 


it is considered an automatic 


without correction, sub- 
a pipeline to a rupturing pres- 
rhe installation is made where 
there is easy disposal of the wasted 


ject 
sure 


water necessary to dissipate the pres- 
sure wave or back-flow surge within 
the line. The location of the valve may 
be in a side outlet discharging to a 
stream, well, or zone of lower pres- 
sures 

we think 
an automatic device 


In terms of a surge valve, 
of the valve as 
which will arrest sudden pressure rise 

the intensity of which may produce 
hammer in the pipeline. Installation 





To be absolutely sure 
make sure you use . 


rispin 


WATER WORKS EQUIPMENT 


> Safe, efficient control of air and water in 


pipelines. 


Design simplicity assures trouble-free opera- 


tion 


Rugged construction guarantees excellent 


service. 


First choice of water works engineers for over 


forty years. 


CRISPIN SLIP JOINTS.. 

For repair of large meters and water 
works piping. Fixtures safely, quickly 
and economically removed and replaced 
corrosion resistant for long service... 


FILEWORTHY FACTS... 


Mail coupon today for your copy of 
the latest Crispin Air Valve catalog— 
it’s packed with practical facts. 


P VAty, 


multiplex 


MANUFACTURING COMPANY 
, BERWICK, PENNSYLVANIA 


bk s 
¢, 
® 40 yer* 


& 


MULTIPLEX MANUFACTURING COMPANY 


Berwick, Pennsylvania 


Name 
Company Name 


Address 


NEW CRISPIN 2” 

UNIVERSAL AIR VALVES... 
Positive, full-time, air control: (1) per- 
mit escape and entrance of air when 
line is being filled or emptied; (2) 
allow escape of accumulating air while 
line is in operation and under pressure 
and (3) valve in closed position after 
air is exhausted. Cut-a-way illustrations 
show the pressure plunger and stainless 
steel main valve mechanism in the oper- 
ating positions that give positive, fudl- 
time, air control. 








Other Crispin Water Works 
Valves... 
> COMBINATION AIR VALVES... 
for accurate two-way air control. 
m PRESSURE AIR VALVES... 
stop pipeline blowouts. 


Bm NEGATIVE PRESSURE AIR VALVES... 
ends throttled pipelines. 











CRISPIN AIR AND VACUUM 
VALVES... 


Permit air to escape as line fills, allows 


air to enter as line emplies—no danger 
of collapsed pipes 


> CRISP 
amveves - 
. 


— 
ere ee 
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THE MARKET PLACE 
FOR QUALITY VALVES 


The consolidation of two great valve companies with 
a combined experience of more than 165 years devoted 
primarily to the manufacture of water works valves and 
hydrants now provides the most extensive market place 


in the industry. 


A.W.W.A. VALVES AND HYDRANTS: with several types 
FIRE HYDRANTS of each to choose from with a complete line of valve 
ends in every size required and backed by the combined 
engineering, manufacturing and application resources of 
both companies. 

LARGE AND SPECIAL VALVES FOR LOW AND HIGH 
PRESSURE SERVICE: up to 72”, fabricated with the most 
modern foundry and machine shop equipment, recently 


expanded. 


SQUARE BOTTOM VALVES: from 4 to 48”, designed 
and built to stand up under the severe conditions of 


FLOOR STAND INDICATOR automatic operation, throttling and constant opening and 


UDLOW 


VALVE MFG. CO., INC. troy,N.Y. 


GATE VALVES «+ FIRE HYDRANTS + SQUARE BOTTOM VALVES 
CHECK VALVES «+ TAPPING SLEEVES « AIR RELEASE VALVES 


closing. 
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MOTOR 
OPERATED 
VALVE 


DOUBLE TAPPING 
SQUARE =] Disc SLEEVE 
BOTTOM 3 vaLve » AND VALVE 


VALVE 
~p 





ACCESSORIES: Where experience counts most—the selec- 
tion of by-passes, automatic, electric or hydraulic opera- 
tion and countless highly special equipment for the 


pumping plant. 


TAPPING SLEEVES AND VALVES: up to 48”, that insure 
speed, safety and low costs when cutting valves into the 


lines. 


CHECK VALVES: insure against slam on pump shut- 
downs. Clearway-quiet closing, single disc. Sizes up to 30” 
with or without lever arm and spring. 

AIR VALVES: a combined air-and-vacuum and air release 
valve that allows air to escape when filling the lines and 
air to prevent vacuum when emptying. Also used on air 


tanks, booster bowls and turbine pump discharge. 


SERVICE: The names Ludlow and Rensselaer mean the 


same today that they have during your lifetime. The desire ! FIRE 


HYDRANT 


to serve the Water Works Field in person—in research 
and design and in prompt delivery of original equipment 
and spare parts for all products has not changed. On the 


other hand, our ability to serve has at least doubled. 


ensselaer 


VALVE CO. TROY, NEW YORK 


DIVISION OF 
THE LUDLOW VALVE 
MANUFACTURING CO., INC. 


Bulletins available on all 
equipment, replacement parts 
and accessories. 











GATE VALVES « FIRE HYDRANTS *« SQUARE BOTTOM VALVES 
CHECK VALVES «+ TAPPING SLEEVES « AIR RELEASE VALVES 
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may be as mentioned above or, where 
used in conjunction with pumps, in 9 
bypass around swing check and pump 
to the suction. 

\s a back pressure valve, we think 
of an installation where the upstream 
pressure (not to exceed a predeter- 


mined amount) is to be maintained. 


When performing as a back pressure 
valve, the valve passes or discharges 
only that volume of water which will 
hold the upstream pressure of that de 


sired lhis type of service is ad- 
vantageous in a system of two zones 
where one (during certain periods of 
the day) may waste a volume above 
its requirements to another. The valve 
will pass only the amount of water 
limited by the adjustment of the pilot 
so that the zone receiving this wate 
cannot receive an overdraft through 
the valve 

\ valve of this description (in ad- 
dition to the use just described) may 
serve as a protective measure against 
over-drafting by deep well pump. Al- 
so, installed in a service reservoir re- 
ceiving water from a storage reser- 
voir, the valve may be adjusted to 
throttle flow; and, at the same time, 
maintain pressure on aerator nozzles 
for aeration 
Float Valves 

Another of the standard automatic 
valves is the fioat valve. This assembly 
may be specified as direct acting (with 
float and lever arrangement) or with 
nain valve stem supported by large 
float (hydraulic pilot operated o 
solenoid pilot operated). In any case, 
a float is the prime mover and is di- 
rectly or indirectly responsible for 
movement of the stem in main valve. 

\s a direct acting valve, the opera- 
tion is throttling ; however, as hydrau- 
lic pilot controlled valve, its operation 
may be throttling or the stem may be 
made to assume a wide open or closed 
position. When a solenoid pilot is used 
in conjunction with a float switch to 
actuate in the main valve, the stem 
operates in either a wide 
closed position 

In the waterworks field, the float 
valve is used extensively in warm 
climates where freezing will not in- 
terfere with the movement of the 
float: however, in colder climates 
where the use of the valve is a prob 
lem (due to its exposed mechanism) 
the operator may substitute some form 
of altitude valve 


Combination Valves 

\t this point, having covered the 
four standard assemblies of automatic 
valves, it would be an oversight if we 
failed to comment on the combination 
valve. These have only in recent years 
been recognized as a further step to- 
1956 
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Combined Pressure Reducing and Back Pressure Valve 


ward more efficient control of the 
water supply system—not alone in 
the light of economy as labor saving 
devices, but a means of obtaining 24- 
hour regulation and uninterrupted 
service. 

[hese valves, a combination of two 
ior more of our four standard auto- 
matic valves, may be arranged to con- 
trol flows or pressure in one or both 
directions through the valve. Two or 
more hydraulic pilots or solenoid pi- 
lots, or combination of both, may (as 
sonditions require) be a part of the 
external control. To those of us who 
have not had experience with a com- 
bination valve, it may be advisable to 
refer to one or two of these valves. 

Sketch No. 7. In this sketch, two 
separate systems are illustrated : 


Zone No. 1 with a normal pressure 
‘of 80 Ibs and Zone No. 2 with a 
normal pressure of 50 lbs. The prob- 
lem assumed is one in which Zone 1 
can assist Zone 2 which (during per- 
iods of high draft) experiences a low- 

ering of pressures. Other conditions 

‘involved are the excessive pressures 
which Zone 1 may place on Zone 2; 
and the possible overdrafting of Zone 
1, particularly in the event of fire in 
Zone 2. Also, in the event of fire in 
Zone 1, priority must be given to Zone 
1 for fire flows 

The valve which will these 
requirements is a combination valve 
having two hydraulic pilots in series 

one to control the valve as a pres- 
sure reducing valve so that discharge 
into Zone 2 is held to a predetermined 
pressure ; the other pilot to control as 
a back pressure valve and insure 
against overdrafting Zone 1. The 
valve, therefore, is a combination 
pressure reducing and back pressure 
valve. 


meet 


The predetermined safe pressure 
for Zone 2 is 60 lbs —therefore, the 
pressure reducing pilot has the re- 
sponsibility of delivering the safe 
pressure. Obviously, Zone 1 is to have 
priority; therefore, to avcid over- 
draft by Zone 2 in event of fire or 
break in this Zone 2, a predetermined 
pressure adjustment on the back pres- 
sure pilot is to provide the necessary 
protection. If this adjustment is 45 
lbs, and for any reason consumption 
in Zone 2 is excessive (and the pres- 
sure in Zone 1 becomes less than 45 
lbs) the valve closes or throttles. 

The following will identify a com- 
bination altitude and back pressure 
valve controlling a tank—operating 
in conjunction with pumps taking suc- 
tion from the tank. This valve is to 
pass water into the tank (however for 
two predetermined back pressures on 
the distribution), prevent 
overflow ; and, when pumps are tak- 
ing suction, the valve remains closed 
to prevent circulation thru the valve 
to tank. 

The conditions of operation as 
planned are such as to require three 
hydraulic pilots and two solenoid pi- 
lots. In performing automatic opera- 
tions as above, two hydraulic back 
pressure pilots are in parallel (one 
in series with electrical solenoid and 
pumps—the other hydraulic pilot in 
series with solenoid to be manually 
operated by a switch located at a re- 
mote point.) The third hydraulic pi- 
lot, for closing to prevent overflow 
of the tank, is in series with the two 
parallel hydraulic pilots and their re- 
spective solenoids. 

In conclusion, it can be said that 
the use of automatic valves has been, 
is, and will always be essential to the 
efficient operation of water works 
system. 


close to 





Lubricated Plug Valves for Water Works 


ECAUSE of its 

opening and closure, its tight pos- 
itive shut-off, and its relative ease of 
operation, the lubricated plug valve 
is finding wider application in the 
water works field, both in the distri- 
bution system and the treatment plant 


quarter-turn 


Water works engineers are already 
familiar with the simple plug-type 
valve in the form of plug cocks or 
gauge cocks. The latter are used for 
isolating gauges and other instrumen- 
tation. Every distribution system has 
a service cock on the main. Multi- 
port plug cocks are used as pressure 
controls on hydraulic cylinders which 
operate large valves. 

But compared with the lubricated 
plug valve, the common plug cock is 
a relatively crude piece of equipment 
with limited application. The lubri- 
cated plug valve is engineered and 
precision built so that it has a long 
service life in a wide variety of ap- 
plications and fields. It is available 
in sizes, pressure ratings and port 
openings comparable to standard gate 
and globe valves. It can be hand- 
operated by wrench, mechanically- 
operated through a spur or worm 
gear, or power-operated hydraulically 
or electrically. 

The lubricated plug valve is being 
used for the following services in the 
distribution system : 


1. Transmission mains. 
2. Throttling flow from one serv- 
ice area to another. 

3. Domestic water mains. 

4. Regulator vaults of high-pres- 
sure mains. 


by T. H. M. TAYLO 


Va R kwell Manuta 


5. Pumphouse and regulator sta 
tions. 

6. Float valves for water storage 
tanks. 
7. Reservoir inlet. 

8. Inlet and outlet stop valves at 
pressure reducing stations. 


Depending on the specific installa- 
tion, the valves range in size from 2- 
inch through 30-inch, with some ! 
inch and 1-inch valves on instrumen- 
tation. 

In the water treatment plant, lubri 
cated plug valves are being used for 
the following: 


1. Control valves on filter valve 
control tables. 

2. Chemical service lines. 

3. Drain lines from sedimentation 
and clarifications tanks. 

4. Drain lines for filter bed wash 
water. 

5. Lines handling deflocculated 
material. 


Probably the two most important 
reasons for the growing popularity of 
the lubricated plug valve, to judge by 
a recent survey of water works in 
various parts of the country, are ease 
of operation and positive shut-off 
(see Table 1). Other reasons given in 
the survey included : compactness, al- 
ways operable, adaptability to thrott- 
ling service, and instantaneous knowl- 
edge of open-close position. 

The reasons for these advantages 
will be appreciated with a better un- 
derstanding of the design and opera- 
tion of the lubricated plug valve. 


Quick Opening and Closing 

One of the outstanding features of 
the plug valve is its quick opening 
and closing operation. A quarter-turn 
fully opens or closes the valve. A stop 
collar on the valve gives positive indi- 
cation as to the position for open or 
close. In this way, the operator does 
not have to rely on the “feel” of a 
wheel’s resistance to tell if the valve 
is closed. 

lhe valve has three basic compon- 
ents—(a) body, (b) cover, (c) plug 

the plug being the only moving 
member. While the plug is available 
both in cylindrical and tapered form, 
the latter is generally the more prefer- 
able. The tapered rotary principle 
makes for simple valve actuation. 

A lubricated ground-joint type of 
shoulder is used in preference to con- 
ventional stuffing boxes which operate 
by gripping around a stem or rod. 
The shoulder joint is compact, pro- 
duces a minimum of friction, and 
combines the functions of stem seal 
and thrust bearing. 

The body design is simple and com- 
pact; there are no projecting yokes 
or bonnets, no exposed threads, and no 
underhanging body to require room 
below the pipeline. In most cases, the 
space occupied by the lubricated plug 
valve is little more than the diameter 
of the pipeline flanges. The space 
economy offered by this type of valve 
makes it particularly suitable for 
manifolds, pumphouses or other places 
where space is at a premium. 


Plastic Sealing and Lubrication 
It was the development of the pres 
sure-lubrication principle that gave 
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impetus to widespread application of 
the plug valve. Pressure lubrication 
performs three important functions 
in that it (a) provides “jacking” ac- 
tion, (b) seals the valve, and (c) re- 
duces friction and wear to a minimum. 

Lubricant 
“jacking” action against the smaller 
end of the valve plug, momentarily 
unseating it. This action 
adhesion and, because of the 
taper, creates a small space for a con- 
ned lubricant film between the plug 
and body 


tive 


ressure exerts pe ywerful 


overcomes 
any 


\s a result, there is a posi- 
unseating the 
to use a hammer or 


means of valve, 


without having 
wrench 


Che usual 


cant 
1 into 


means of exerting lubri- 
is an elongated screw, 
threaded the outer end of the 
plug shank These screws often 
provided drilled and fitted with giant 
button head” fittings for grease gun 
lubricatiotr 


pressure 


are 


Lubricant is distributed around the 
plug and valve body by means of lub 
ricant grooves, divided between the 
the plug. Placement of 
grooves is such that the valve can be 
opened or “cracked” without 

lubricant. As a result, 


body and 


partl 

blown 

even an ine 
| 


be “turned 


out the 
xperienced operator can 


on the valve 


loose 


Valve Operation 


‘Nuo valve accessories are avail- 


PRESSURE-REDUCING vault of Long Beach, Calif.. Water De- 


partment, showing 8-inch bypass shutoff valve 
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are 


THIRTY-TWO '/2-inch, four- 
able in a wide variety of forms to 
allow complete flexibility in method 
of installation, operation and servic- 
ing. Wrenches for hand-operated 
valves include lever, chain, socket and 
offset types, and standard electric 


and pneumatic motor operated units 


also available. Valve extensions 


= 


way lubricated plug valves 


include turning stem extensions for 
wrench handle operation, worm gear 
shaft extensions, watertight gear 
housing of the road box and sealed 
top with indicator types, floor stand 
plant extensions, and elevated gear- 
ing or cylinders. 

Because of the tapered plug and 


LUBRICATING 24-inch plug valves regulating discharge flow from 


Vic Trace Reservoir, Santa Barbara, Calif. 








ROUND PORT |. 
MEANS 


FREE FLOW 


ALL 


THE WAY 


You get full volume, unrestricted flow throughout the entire 
piping system when you use QCf Round Port Valves. 


The pipe-matching port openings cause no loss in head 
pressure — offer no more resistance to flow than the pipe 
itself. There are no obstructions—no turbulence and no 
harmful abrasive effects from solids in suspension. Even the 
most heavy viscous ladings flow freely through QCf 
Round Port Valves. 


Split-second quarter-turn shutoff, non-wedging cylindrical 
plug, Teflon* head gasket, are additional advantages that 
add to perfect performance of QCf Round Port Valves — 
that mean extra long trouble-free service —lower mainte- 
nance costs and fewer work stoppages. 


Absorptive dryer installation. 


Act now to step up valve performance—to keep mainte- 
nance costs down. Representatives in 50 principal cities. 


* DUPONT TRADE NAME 


W-K-M  Manvuracturinc Company, Inc. | , 
A SUBSIDIARY OFQCfINDUSTRIES -_ 


‘eae cee CG 2 2.3 82. 


PLANT: MISSOURI CITY, TEXAS « MAILING ADDRESS: P. 0. BOX 2117, HOUSTON, TEXAS 





In natural gasoline plant. 


MANUFACTURING 
W-K-M i acf KEY 


THROUGH-CONDUIT LUBRICATED ( RETURN BENDS 
GATE VALVES PLUG VALVES is AND FITTINGS 
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lubricant sealed design of these valves, 
are not restricted to one-way 
flow; that is, the valve can be in- 
stalled in either direction because it 
holds pressure in either direction. 
Flow reversed at any time 
without danger of leakage or 
jamming 

A common hazard to the life of 
valve seats is the abrasion caused by 
dust, dirt and debris in the line. This 
entirely eliminated in the 
valve if proper gland 
maintained. Critical 
fully lubricant sealed, 


they 


can be 
the 


hazard is 
lubricated plug 
adjustment is 
seat areas are 


the lubricant being under pressure so 
that abrasive material cannot intrude. 
\ny dirt or scoring material that may 
reach the plug is scraped off when 
the plug is turned back to “open.” 
Regardless of the line pressure, the 
plug valve can be relubricated as ef- 
fectively as with no pressure. Lubri- 
cant injection builds hydraulic pres- 
sure within the valve to the required 
degree. In this way the plug can al- 
ways be effectively lubricated and the 
jacking chamber under the plug ade- 
pressurized to permit easy 
\s a result, even if a plug- 


quately 
turning. 


type lubricated valve is unopened for 
extended periods of time, it can be 
easily opened, without difficulties of 
galling or “freezing.” 


Maintenance Lubrication 


A simple program of periodic lubri- 
cation takes a minimum of time and 
keeps the plug valve in service for 
the life of the piping. Lubrication 
practice varies from water works to 
water works. Some lubricate and test 
valves monthly; others, every other 
month, quarterly, semi-annually or an- 
nually. Valves that are used very in- 





TABLE | 


Recent Survey of Lubricated Plug Valves? in Water Works” 





Valves 


Type of Service 


Size, in 


Water lines 


Throttling flow from one service 


to another 


Transmission lines 


Domestic water mains 


Mains where positive 


necessary 


Shutoff and control 


Regulator vaults of high-pres- 


sure mains 


Booster 


pump 


Lubrication Schedule 


Advantages 





Just installed 


Annually 


Semi-annually 
shutoff is Only when used 
often 


Monthly 
Monthly 
Semi-annually 


inlet and outlet 


reservoir inlet where line is not 


earth covered 


Transmission 


lines, pumphouse Every other month 


regulator stations 


Distribution mains 


Transmission and lateral control 


Transmission lines 


Float 
tanks 


valves 


main 


Annually 


Just installed 


Quarterly 


for water storage Large 


distribution line monthly 


reservoir outlet 


Manifolding 


testing; 


service 


bypasses 


main lines; meter quarterly 


Large 


chemical weekly 


Control tables at filter plant 


Small 


um 


shutoff on air and vacu 


Three times per year 


release valve assemblies on 


major trunk lines 


Large 


inlet-outlet stop valves at 


pressure reducing stations 


Control tables at filter plant 


sbricated plug valves, made by 
es are hand 


b All valv 
c 4-way vaives 


perated except: Nx 8 wrerx 


Quarterly 


Greased and tested monthly 


not operated 


semi-annually; 


meter testing, 
others, as needed 


Smaller head room, hence small- 
er manhole 
Adaptable to throttling service 


Ease of operation, better hy- 
draulic features, instantaneous 
knowledge of position 

Less overall height 


Positive shutoff 
Easy operation, always operable 
Ease of operation; good shutoff 


Complete closing assured; can 
be closed faster than gate valve 


Specified where head room is 
limited; for throttling flows 
Permit quick shutoff by 1 or 2 
men in case of break 

Compact; positive closure; non- 
binding 

Smooth operation; quick opera- 
tion by one man 

Ease of operation; complete 
shutoff 


small, 


Ease of operation; use for throt- 
tling service; drop-type closure 


Small: Superior to brass stop 
cocks previously used because 
easier to operate and do not leak 
Large: No chatter in discharge 
side of regulator under high 
pressure differentials 

Do not leak 





h and worm gear 
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frequently are often lubricated only 
when there is occasion to use them. 

The following are some tips on 
plug valve servicing that will aid in 
keeping the valves in top service con- 
dition : 


1. Plug adjustment should be snug ; 
that is, tight enough to keep the plug 
from becoming unseated, but not to 
a degree requiring excessive force to 
operate the valve. 

2. Fresh supply of lubricant can be 
easily forced between the seating sur- 
faces by giving the lubricant screw a 
few turns. It is important, however, 
to keep the valve lubricant system 
filled. 

3. Depletion of lubricant in the 
valve lubrication system will require 
the addition of several sticks before 
lubricant can be forced into the seat. 
Lubricant should be added until in- 
creased resistance is felt in turning 
the lubricant screw, or until there is 
increased pressure when gun lubrica- 
tion is used 

4. The plug should be turned slight- 
ly when lubricating, to assist in the 
distribution of lubricant and to de- 
termine if the adjustment is correct. 
If the valve is lubricated with the ad 
justment too loose, efficient lubrica- 
tion cannot be obtained. Further, the 
valve may be permanently unseated, 
allowing the lubricant to quickly dis- 
sipate and the valve may leak. If the 
valves are over-lubricated with the ad- 
justment too loose, it can be corrected 
by alternately tightening the adjust- 
ment and turning the plug. This will 
work out the excess lubricant and 
permit the plug to return to its proper 
position in the seat 


CROSS-SECTION of typical lubricated plug 


valve 


LIMITED head room makes worm gear and hand wheel operation advantageous. 


na C } d DackG 





MAIN 12-inch automatic control valve for I-mg reservoir at LaCanada, Calif. 
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FIRE HYDRANT FLOW GAGE 


A pressure gage with a gpm discharge scale 


by A. A. HIRSCH* 


Education, Baton R 


flow from a fire hydrant is a useful pro- area of nozzle (sq. ft.) 

ys. Probably the most important appli a wie Diameter* 
f available fire flows at various sections oh i ale 144 
Often employed when chlorinating new 0.00545 Diameter,,, 

mains, a measured withd:awal from a fire plug syn 

water flow and chlorine 


(inches 


ystem 


ches 

. F 2gh ed 
feed for uniform mixing . et. water 

flow measurement is also an essential step in the incre 

method for determining the C 


; | 2 X 32.16 X 2.31 X Pressure,.,, the 

Value tor a pipe tine pressure reading being 

the closed nozzle 

operator 12.2y Pressure, , 

complete displacement and also 

yunt of water allowed to waste 

1 methods in vogue for hydrant flow measure 
special pitot tube-gage combination, th 
rt tube with terminal orifice, and the 


means of a pressure gage on a closed 


taken oft 
ishing mains through fire hydrants to clear out the dis 
system a knowledge of the flow enables an 


ime required f 


Substituting in the first equation: 


Flow (gpm.) = 7.48 X 60 9 X 0.005 
e stream Diameter? 


2.2V Pressure 
velocity 


97 7 , 

cap, the 27 Diameter*,, 

ne most generally emploved by reason of its Pints 
and equipment 


ches 


s the familiar form commonly used to calculate the dis- 
harge from a fire hydrant. 
Ordinarily the 2% 


les do not 


inch nozzle is used, as the 4- or 4%-inch 
conform with accuracy to a simple formula. Snub 


diameter in the above 


re hydrant by the pressure g ituting the value of 2% inches for the 
- , 
mnect an accurate gage to I ! ere results 
the hydrant through the 


: “ ° Flow (gpm. through 2% 
nozzle may be considered as a “short-tu . 


i tl 
2% in. nozzle) 
27 X 2.5* X V Pressure pet 
168.7 y Pressure, ,, 
ich the discharge through a 24-inch hydrant nozzle may 
conveniently calculated 


The Self-Calculating Gage 


Inasmuch as a given velocity head on the pressure gage corre 
sponds to a fixed discharge the gage may be calibrated to read 
this flow directly and thereby obviate the need for calculation 
\ dial so calibrated is illustrated in Fig. 1. By marking off a 
dial in this manner the gage may be used in hydrant flow studies 
to facilitate discharge adjustments and to enable flow evaluation 
yn the spot without calculations or conversions. Fig. 1 may also 
| as an approximate solution to the hydrant formula for a 

nozzle rather than perform the numerical substitutions 
accuracy of the pressure gage should be checked on a 
l t apparatus, especially in the low pressure range below 
500 gpm. where slight inaccuracy causes relatively large errors 
Las " in the indicated discharge. li the test gage is off the needle 

PER SQ INC position may be reset, the linkage between hollow spring and 

: sector adjusted as required, or a calibration curve drawn to 
how the true pressure corresponding to any gage reading. From 
w from a 2%-inch nozzle 1 it will be noted that below a flow of about 250 gpm. the 
. : ype of pressure gage as illustrated is inapplicable since it fails 

to deflect 

For flows below thi 
} 


pe use 


pressure gage calibrated to read direct 


mi A 
dran i 


ilated from the usual orifice formula, but using 
nt of 0.9 instead the familiar 0.61 which su 
edged orifice Thus 


\ V where C 


s lower limit the discharge is measured by 
methods as (1) large water meter, (2) the time required to 
ll a barrel through a short section of hose, (3) a more sensitive 
r manometer, (4) a special hydrant nozzle with terminal 
»-edged orifice, or (5) measuring the offset distance from 
barrel to a point where the stream has dropped one foot, and 
and Sewerage ! rring to a calibration curve 


fire hydrant orifice 


Some Relationships Between Current Flow and Heat Production 


One Kilowatt One B.T.U. per Min. 
56.92 B.T.U. per min, = 0.01757 KW. 
1.34 horse-power. = 0.02356 H.P. 
One Horse Power One Horse Power/Hour 
42.44 B.T.U. per min 2,547 B.T.U. 
0.7457 KW. 0.7457 KW.H. 


One Kilowatt/Hour 
3.415 B.T.U. 
80.46 H.P. 
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M & H VALVE AND FITTINGS COMPANY 


ANNISTON, ALABAMA 
The letters M & H are the sign of quality on Valves, Hydrants 
and Pipe Line accessories. High quality materials, simplicity 


of design and expert workmanship have established for M & H 
enviable reputation for dependable service in the water works 
and sewage fields and for industrial uses. M & H products 
are modern in design, with many exclusive M & H features. 


M & H VALVES AND FIRE HYDRANTS 


M & H A.W.W.A. Gate Valves are furnished double disc parallel seat, or solid 
wedge. iron body, bronze mounted, non-rising stem, or outside screw and yoke 
\vai!.ole spur or bevel geared and with enclosed grease case, also hydraulically 
or electrically operated. Sizes 2” to 36”. Low Pressure and High Pressure nt 
Valves and Square Bottom Valves are an established part of the M & H line. pA 

M & H Compression Type Hydrants conform to latest specifications of the 
\merican Water Works Association. They are available either in standard, flush 
type or traffic models. Hydrants with 54” and 6%” valve opening are listed 
and approved by Underwriters Laboratories of Chicago and Associated Factory Hydrant 
Mutuals of Boston and A.W.W.A. Hydrants with 414” and 44” valve opening 
are A.W.W.A. approved only. 

Outstanding features include dry top, easy to lubricate, revolving head 
Can be lengthened and werking parts completely removed without digging 


= 


1p hydrant. 


FILTER PLANTS & SEWAGE PLANTS 
9 END CONNECTIONS 


Hydraulically and electrically operated M Pela M & H Valves and Hydrants are 

H Valves are used in sewage treatment ote available with Standardized Me- 
plants, water works, filter plants, etc., to chanical Joint ends for use with 
save time and labor since these valves can “| standardized mechanical joint cast 


— 


* operated by remote control for quick, 7 iron pipe, also with hub 


J o- , — Tk — . pm 
closing or opening. They are also —_ ends, flanged, Ring-Tite 


S ~. J | ye 
used as emergency ' and Universal ends. 
valves to admit higher | 


water pressures into the ‘ 
mains in case of fire. ( \J 
S - ” : j “NJ H| 
sizes 2” to 36” A.W. tie Sh UL 
W.A. . 


FIRE PROTECTION 


M & H Flap Valves 

an shear hen % M & H makes a complete line of 
_ | Shear Gates are valves, hydrants, indicator posts and 
iron body, bronze underground pipe fittings for fire 
. Pi me protection water systems All of 
mounted, used in Fil these M & H products are approved 
trati and Cour and listed by the National Board of 
ration ant newage Fire Underwriters of Chicago and 
by the Associated Factory Mutuals 
of Boston. All castings therefore 
ire marked “UA—FM.” 


Gate Valve Disposal Plants. 


Low Pressure Gate 
Valve Rising Stem 


Spring Check Valve 


Rising Stem 
Gate Valve indicator Post 


M & H PRODUCTS INCLUDE: 


FLANGED ws. att a} SLEEVES AND VALVES 

R STANDS 1 eo iit” CHECK VALVES 
MUD Vv LVEsS 

6s LANGE AND FLARE FITTINGS 

CUTTING-IN TEES 





Low Pressure Gate 
Valve Non-Rising Stem 
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Check these _, 


oe features 


Y AY wera torque seating switch 


gives tight valve closure, and protects 

valve parts from damage. 

Self contained unit—no gears, stem 

nut or bearings to buy. 

Weatherproof, dust-tight, watertight 

and explosion-proof construction. 

Hammerblow device . . allows motor 

to reach full speed, before load is en- 

gaged. 

Non-rotating hand wheel built into the 

unit. 

Automatic declutching. 

Motor is disengaged during hand- 

wheel operation. 

Can always be declutched for hand- 

wheel operation regardless of 

weather or electrical conditions. 

High torque motors. 

Simple valve yoke. 

May be mounted in any position. 

Three to four times faster handwheel 

operation. 

Actuation may be by any available 

power source such as electricity, air, 

oil, gas, water or steam. LimiTorque 

is readily adapted for microwave con- 

trol. 

LimiTorque is designed for plug, but- 

terfly, gate and globe valves up to 

96” diameter . . . Entire Unit and nut 
vg . : can be lifted off valve yoke, by re- 

ee | moving flange bolts. 


...and you'll under- 


stand why more - LIMITORQUE valve controls 
are in use than all others combined fi 


Send for new catalog 1-550, and please use 
your Business Letterhead when requesting. 


Limilorque’ 





T 
PHILADELPHIA GEAR WORKS, /NC. 


ERIE AVE. & G STREET. PHILADELPHIA 34, PENNA. 
Offices In all Principal Cities 
INDUSTRIAL GEARS & SPEED REOUCERS: LIMITORQUE VALVE CONTROLS FLUID AGITATORS: FLEXIBLE COUPLINGS 
Limitorque Corporation « Philadeiphia 
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Maintenance of Steel Water Works Tanks* 


presented before the New England Water Works Assn. 


A symposium of papers 


S AN INTRODUCTION to the prob- 

lem of maintenance of steel water- 
works tanks, the speaker will first 
list the specifications and recom- 
mended practices available in printed 
form and then briefly summarize the 
conclusions contained in these doc 
uments. 

The Amer. Water Works 
Journal for November, 1935, 
tains specifications entitled “Stand 
ard Specifications for Riveted Steel 
Elevated Tanks and Standpipes’’, 
prepared by a committee of that 
association. Following the advent of 
welding construction, a joint com- 
mittee of the AWWA and the 
\mer. Welding Society revised these 
specifications to include welding and 
they were approved by the New En 
gland Water Works Association on 
September 24, 1942 

In October, 1944, the NEWWA 
appointed a committee on “Steel 
Standpipes and Elevated Tanks’, to 
serve as a joint standing committee 
with representatives of the AWWA 
and the AWS. This joint committee 
proceeded to revise the 1942 specifi 
cations and the revisions were 
approved by the NEWWA on Sep 
tember 14, 1948. These revised speci 
entitled “Standard 
Specifications for Elevated Steel 
Water Tanks, Standpipes, and Res- 
ervoirs” and were Published in the 
jan. NEWWA in December 1948 
The committee also prepared separ- 
ate recommendations for repairing 
and repainting existing tanks, as 
distinguished from new tanks, under 
the title, “Tentative Recommended 
Practice for Inspecting, Repairing 
and Repainting Elevated Steel Water 
Storage Tanks, Standpipes and Res- 
ervoirs”. This document was also 
approved by the NEWWA on Sep- 
tember 14, 1948, and published in the 
Jour. NEWWA in Dec. 1948. 

\fter further study, the joint com- 
mittee revised the 1948 specifications 
the following three separate 


Assn. 


con 


fications were 


“under 


permission from the 


England Water Works 


*Reprinted by 
Journal of the New 
Assn 


Specifications 
by GEORGE A. SAMPSON 


Weston & Sampson, Cons. Engrs. Boston, Mas 


headings: “Standard Specifications 
for Elevated Steel Water Tanks, 
Standpipes and Reservoirs”; Tenta- 
tive Recommended Practice for In- 
Specting and Repairing Elevated 
Steel Water Storage Tanks, Stand- 
pipes and Reservoirs”; and “Paint- 
ing and Repainting Elevated Steel 
Water Storage Tanks, Standpipes 
and Reservoirs’. These three speci- 
fications were approved by the 
NEWWA on March 20, 1952, and 
the painting specification was pub- 
lished in the Jour. NEW WA in Dec. 
1952. The specifications have been 
printed in pamphlet form by the 
\WWA as D 100-52, D 101-52 and 
D 101-52, respectively, and are avail- 
able for a nominal price at 2 Park 
\ve., New York 16, N.Y. 

The proper maintenance of a steel 
water tank is concerned with periodic 
inspections, to determine the condi- 
tion of the tank, repairs as needed 
to keep the tank structurally intact, 
and painting to protect the steel. 
Tanks need repainting frequently, 
but, if properly maintained, repairs 
are rarely necessary. 


Inspection 


Every steel water tank should be 
carefully inspected when leakage or 
other apparent deterioration is ob 
served as well as before repainting. 
In any event, all water tanks should 
be inspected at intervals of not more 
than five years. The owner should 
have a disinterested inspector exam- 
ine the metal surfaces inside and out 
side to determine the condition of 
the paint and metal, in order to 
decide what repairs, if any, are 
needed and what painting should be 
done. At the time the owner 
should invite any contractors whom 
he wishes to bid on the work to 
inspect the tank and _ familiarize 
themselves with the actual conditions. 
The tank should be emptied and the 
inside thoroughly cleaned 
for the inspection. The owner should 


Same 


surfaces 


draw up proposals for the work to 
be done, covering any repairs, meth- 
od of cleaning the steel, the kinds 


of inside and outside paint to be 
used, number of coats and other de 
tails. 


Repairs 

The owner, using the inspector's 
report as a guide, should define and 
list the repairs to be made. Contrac 
tors should be asked to submit bids 
on a fixed lump-sum or unit-price 
basis. The owner should itemize re 
pair work by units, such as_ the 
number of rivets to be _ replaced, 
caulked or welded, the lineal feet of 
seams to be caulked or welded, the 
number of pits to be filled, any parts 
to be replaced, and so forth. All 
welding should be performed in ac- 
cordance with the welding provisions 
given in AWWA-NEWWA-AWS 
“Standard Specifications for Ele- 
vated Steel Water Tanks, Standpipes 
and AWWA D_ 100- 
52. 

All repairs shall be neatly done by 
experienced workmen using equip- 
ment best adapted to the work. Upon 
completion of the repair work the 
tank shall be watertight. 


Reservoirs”, 


Cleaning Steel Before Painting 

The methods favored for removing 
the mill scale from plates and struc 
tural shapes in the shop before ap- 
plying a priming coat of paint are 
sand- or grit-blasting and _ pickling. 
If the purchaser specifies that mill 
scale be removed and if pickling or 
blasting is not specified, it shall be 
understood that only loose mill scale 
and rust be removed by wire-brush- 
ing, or the plates and structural 
shapes may be dehydrated in the 
shop with an oxy-acetylene torch, 
removing such mill scale as becomes 
loosened with one application of the 
torch followed by wire brushing. 
after which the priming coat shall 
be applied while the parts are still 
warm. 


Paints 


The committee’s recommendations 
for paints and methods of painting 


are necessarily rather general in 
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CHICAGO BRIDGE & 


Since 1893, Chicago Bridge & Iron Company has 
been designing, fabricating and erecting elevated 
steel tanks and many other types of steel plate work 
for municipal water systems throughout the country. 
These 62 years have been years of progress. They 
have given us a vast background of experience which 
has led to structural improvements, better workman- 
ship and efficient erection methods. Tank designs 


IRON COMPANY 


have been — improved to provide today’s 
pleasing, streamlined structures. 

Tanks for municipal service are built by Chicago 
Bridge & Iron Company in accordance with specifi- 
cations of the American Water Works Association. 
Four strategically located plants in Birmingham, 
Chicago, Salt Lake City and Greenville, Pennsylvania 
are always ready to serve you. 


ELEVATED WATER TANKS 


Horton elevated water tanks are designed to provide dependable 
gravity pressure in water distribution systems. They usually reduce 
pressure variations in the mains and often cut down pumping costs. 

Horton elevated water tanks are built in five basic types—ellip- 
soidal-bottom tanks, radial-cone bottom tanks, Waterspheres, Water- 
spheroids and Hortonspheroidal tanks. We shall be pleased to submit 
estimating figures or quotations on any of them. When writing please 
state capacity, height to bottom, range in head, location and shape or 
design desired. There is no obligation on your part. 


eeeeeeeeeeeeosoeooeoeoeoeoeeeeeeeeeee ELLIPSOIDAL-BOTTOM 


eeeeecee WATERSPHERES 


WATER TANKS 


Ellipsoidal-bottom elevated tanks 
are relatively large diameter and 
shallow depth. Unless otherwise 


The smooth, streamlined Water- 
sphere presents a pleasing ap- 
pearance. All piping connections 


specified, they are built with cy- 
lindrical columns and ellipsoidal 
roofs. 


and ladders are located inside 
the supporting column to which 
access is provided by a door at 
ground level. The lower portion 
of the supporting column may 
also be used as a pumphouse. 





Gallons Tank Dimensions 


Capacity 





Diameter Range 





19’0” 
19’0” 


21’0” 


50,000 

60,000 

75,000 
100,000 
125,000 
150,000 
200,000 
250,000 
300,000 
400,000 
500,000 





Capacity Diameter 


In oO 
Gallons Sphere 





19°4” 
20°4” 


25,000 
30,000 
40,000 22’4” 
50,000 »4°0” 


60,000 »S'6 

















5,000 27°4” 
30°00” 
34°09” 
376” 
40'6" 


100,000 
150,000 
200,000 
250,000 














RADIAL-CONE BOTTOM 
WATER TANKS 


A functional design that permits 
large capacity water tanks to be 
built with a relatively low range 
in head. They are pleasing in 
appearance and easy to maintain. 


HORTONSPHEROIDAL 
eececccecce 
° WATER TANKS 














Hortonspheroidal elevated tanks 
are modern, attractive structures. 
They are built in standard ca- 
pacities of 1,000,000 to 3,000,000 
gallons and are supported either 
on two rings of cylindrical col- 
umns or one ring of cylindrical 
columns and a large central riser. 





Gallons Tank Dimensions 


Capacity 





Diameter Range 





500,000 
750,000 
750,000 
,000,000 
,000,000 
,000,000 
,500,000 
,500,000 
,500,000 
87°6” ,000,000 
810” : ,000,000 
92’0” 35’ 2,500,000 
106’0” 3,000,000 
117°0” 
120’0” 





Gallons Tank Dimensions 


Capacity 





Diameter | Range 





1,000,000 
1,000,000 
1,500,000 
2,000,000 
2,500,000 
3,000,000 





























W.&8S.W REFERENCE & Data—1956 





R-159 


CHICAGO BRIDGE « IRON COMPANY 


WELDED STEEL RESERVOIRS ... 


C B & I builds welded steel reservoirs 
and standpipes in standard capacities 
up to 10,000,000 gals. and in special de- 
signs to specified capacities. Careful 
fabrication and erection assures long 
service life. Welded construction results 
in smooth tank surfaces simplifying 
maintenance. 

Chicago Bridge & Iron has designed, 
fabricated and erected all types of 
heavy steel plate work for water and 
sewage plants throughout the country. 
When requesting quotations, we would 
appreciate receiving plans and specifi- 
cations. 


HORTONSPHERES 
FOR DIGESTER GAS ..... . 


Hortonspheres® provide an economical means 
of storing sewage plant gas under pressure, 
and thus permit the gas produced in digesters 
to be utilized effectively. When the supply of 
digester gas exceeds demand, the surplus is 
pumped into the Hortonsphere. When the de- 
mand exceeds the supply, gas flows from the 
Hortonsphere to make up the difference. The 
entire shell of the Hortonsphere is accessible 
for inspection and painting. Hortonspheres are 
built in sizes up to 1,500,000 cu. ft. 


PHOSPHORIC ACID PROCESS 
PICKLING AND PAINTING 


The Horton® phosphoric acid process saves 

maintenance dollars and prolongs the life of 

steel plate structures. It removes mill scale before shipment 
from our plants and helps provide a better bond between the 
prime coat of paint and the steel. 


WAUEEEUUUEEED 6 oe ce ee tt 8 8s 


The modern, streamlined Waterspheroid® was designed to 
combine beauty and service. An elevated water storage tank 
provides a dependable gravity pressure water supply in a 
functional, pleasing “package”. Horton Water- 

spheroids are built in standard capacities of 

300,000, 400,000 and 500,000 gals. 


CONKEY SLUDGE FILTERS ... . 


Over 2,000 tons of various sludges and indus- 
trial wastes (primary—elutriated digested— 
bio-chemical—industrial) are daily dewatered 
on Conkey Sludge Filters. Every municipal and 
consulting engineer should be acquainted with 
the advantages and trouble-free performance 
of Conkey equipment, fabricated by CB&I. 


PLANTS Birmingham Salt Lake City Greenville, Pa. 
cancer sce 


SALES Atlanta 3 2123 Healey Bidg Detroit 26 1536 Lafayette Bidg Salt Lake City 4..550 West {7th South St 
Birmingham | 1532 North Fiftieth St Houston 2 2142 CAI Life Bidg. San Francisco 4 1525—200 Bush St 

OFFICES Boston 10 1038—201 Devonshire St New York 6 3316—165 Broadway Seattle | 1339 Henry Bidg. 
Chicago 4 2115 MeCormick Bidg Philadeiphia 3 1648—1700 Walnut St South Pasadena 712 Fair Oaks Ave. 

Cleveland i4 2221 Midland Bidg. Pittsburgh 19 . 3260 Alcoa Bidg. Tulsa 3 . ..+s+ 1641 Hunt Bide 


In Canada: HORTON STEEL WORKS, LIMITED, FORT ERIE, ONTARIO 
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character, leaving the details to be 
set forth im the owner's specifica 
which should describe the 
method of cleaning the the 
kinds of paints, the number of coats 
both inside and outside. The specifi- 
cations that various types 
ind kinds of paint have demonstrated 
their suitability and that no type or 
kind is universally applicable 

In repainting old tanks, if the 
paint 1s in good condition and ad- 
heres tightly to the steel, it 
\ll rust, loose mill scale and 
should be 
grit-blasting, 


tions, 
steel, 


recognize 


may be 
lett on 
oose paint removed by 
means of sand- or 
power-driven scaling tools, scrapers 
and wire brushes (preferably power- 
emery cloth or sand paper 
or cloth dusters. When 
sand- or grit-blasting, 
the equipment should have ample 
furnish the required 
volume of compressed air to operate 
the blast effectively. If sand is used, 
it should be principally composed of 


driven ) 
either air 


leaned by 


capacity to 


silica grains and as coarse as is prac- 
ticable to use Special care should 
be used to clean around rivet heads, 
in pits. Whenever 
metal is cleaned by blasting on any 


seams and 


ilong 
day, it should be coated with a primer 
day. If rust forms on 
surface, the surface 
cleaned and wiped free 


the same 
blasted 
uuld be re 
dust before applying the primer 
Che metal should be completely dry 
before applying any paint 
The shop priming coat should be 
surfaces 
con- 


paint on all 
except on 


in inhibitive 


inside and outside, 


tect and along edges to 
It is important that the 
primer be compatible with field coats 
of paint and desirable that the shop 
made by the same 


subsequent 


surfaces 


he welded 


ind field coats be 

manufacturer, to avoid 

irresponsibility 
rie following paints are 


sug 


gested 


Inside Surfaces 


a. Red lead and linseed oil primer, 
conforming to Federal Specifications 
'T-P-86a, Type I, with the addition 

2 lb per gallon of dry litharge, 

be added shortly before applica- 

to speed up the drying. The 
paint shall set to touch in not more 
than 6 hours and dry through in not 
than 24 hours. Each coat of 
shall dry for at least 24 
applying subsequent 
final coat shall drv 


tion, 


more 


aint 


| 

hours before 
the 
18 hours before the tank is 


coats and 


| 
east 


d_ with 


shail 
color 
free from 
paint shall 
no running 


rhe 
no curdling, caking or 
shali be 
The 


show 


water paint 
show 
separation and 
and skins 


and 


lumps 
brush easily 
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or sagging tendencies when applied 
to smooth vertical surfaces. The 
paint, when reduced with not more 
than 1 part by volume of mineral 
spirits (conforming to Federal Speci- 
fications TT-T-291, Grade I) to 8 
parts by volume of paint, shall spray 
satisfactorily in all respects. The 
paint shall dry to a smooth uniform 
finish, free from roughness, uneven- 
ness or other surface imperfections. 

b. Red lead phenolic resin varnish 
paint when used as a primer, is suit- 
able only on thoroughly cleaned sur- 
faces obtained by pickling or blast- 
ing. For finish suitable 
for surfaces cleaned by wire brush- 
ing. This paint should conform to 
Federal Specifications TT-P-86a, 
Type IV. The general properties as 
to brushing and spraying are similar 
to red lead and linseed oil paint. 
One difference is in a considerably 
quicker drying period, which has the 
advantage of being able to speed up 
the time required to fill the tank with 
water after it is drained for painting. 

c. Hot-applied coal-tar enamel 
priming and coating materials shall 
meet the requirements of the latest 
revision of A.W.W.A. C 203 and C 
204, standard specifications for coal- 
tar enamel protective coatings for 
steel water pipe. 

d. Cold-applied coal-tar paint, pre- 
pared from coal-tar pitch, mineral 
filler and solvent, designated as CA- 
50, does not have the durability of 
hot-applied coal-tar enamel, but can 
be applied by brushing or spraying 
and can withstand cold temperatures 
better than hot-applied enamel. A 
minimum of three should be 
applied. This coating is not suitable 
for use in open-top which 
would expose the coating to direct 
sunlight. 

e. Wax-grease coatings may be 
either of the cold-application type 
or of the type adapted for hot ap- 
plication 


coats, it is 


coats 


tanks 


Outside Surfaces 


a. Red lead and linseed oil paint 
is suitable for the outside priming 
and finish The specifications 
are similar to those for inside sur- 
faces, except no litharge is added. 
The drying period for each coat is 
set to touch in not more than 6 
hours and dry through in not moxe 
than 36 hours. Each coat of paint 
shall dry for at least 36 hours before 
applying subsequent coats. 

b. Red lead phenolic resin varnish 
paint when used as a primer or 
finish coat on outside surfaces should 
follow the recommendations for sim- 
ilar paint on inside surfaces. 

c. White linseed oil chalking or 


coats 


non-chalking type finish paint shall 
conform to Federal Specification TT- 
P-102, Class A and Class B, respec- 
tively. They are titanium, lead, zinc 
and oil exterior ready mixed white 
paints. The maximum drying tim 
is 18 hours. The non-chalking ty; 

is usually tinted in light colors. 

d. Black linseed oil finish paint 
shall conform to Federal Specifica- 
tions TT-P-6la. It is a carbon, red 
lead, mineral-extender and, if de- 
sired, iron oxide, linseed oil paint. 
The maximum drying time is 18 
hours. 

e. Aluminum finish paint 
consist of a varnish conforming to 
Federal Specifications TT-V-81b, 
Type II, Class B, and an aluminum 
pigment powder and paste conform- 
ing to Federal Specifications TT-A- 
468a, Type II, Class B. The maxt- 
mum drying time is 18 hours. 

f. Foliage green, linseed oil paint, 
in accordance with the formula used 
by the State of Maine Highway Com- 
mission, Bridge Division, is also sug- 
gested. The formula is given in the 
specifications. The maximum drying 
time is 20 hours. 

Paints should be delivered in the 
original containers, marked with the 
name of the manufacturer, type and 
quantity. The various coats should 


shall 


have enough difference in color so 
that each will be 
properly covered. It is suggested that 
the final outside coat be from the 
same manufacturer’s batch for uni 
formity in color. 

Electric (cathodic) protection has 
been used for protecting 
below the flow 
results when 

maintained. 


successive coat 


frequently 
water-tank 
line with satisfactory 
properly installed and 
Some difficulties have been encoun- 
tered in cold climates and when the 
water is a poor conductor of elec- 
tricity. For installations in new 
tanks, it is that all 
submerged steel surfaces be painted, 
as by its electrical the 
paint reduces current requirements. 


interiors 


recommended 


resistance, 


Painting 

For new tanks the field coats fol- 
low the erection and testing for leak- 
age, when available. For 
tanks that have received a shop prim- 
ing coat, the exposed, unpainted in- 
terior and surfaces should 
be wire brushed, wiped clean and 
given a spot coat of the same in- 
hibitive primer as used in the shop, 
followed by the number of coats of 
paint of the make, types, and colors 
specified by the purchaser. For tanks 
without a shop coat, the mill scale 
should be removed by blasting or by 


water is 


exterior 





power wire-brushing if loose from 
weathering. 

For new or old tanks, surfaces 
should be painted immediately after 
cleaning. Surfaces should be thor- 
oughly dry before painting and 
a sufficient interval should elapse 
between coats for the undercoat to 
harden properly. No painting should 
be done when the temperature is less 
than 40°F. and no paint should be 
applied during wet or foggy weather, 
or upon metal coated with frost. 
Painting should be done only by 
experienced workmen, 

The two general methods of ap- 
plying red lead or similar paints are 
brushing and spraying. More recent- 
ly, rollers have been used for welded 
tanks with apparently good results. 

If the paint is applied by brush- 
ing, each coat should be brushed on 
in one direction and then smoothed 
in the opposite direction, to produce 
a complete coverage of a uniform 
thickness. 

If applied by spraying, suitable 
nozzles should be used and the air 
pressure on the container and atom- 
izer should be within the proper 
range for good work. Care should 
be taken to prevent paint spatters 
on adjacent buildings or property, 
by spraying only on quiet days and 
when the wind is in a favorable di 
rection. 

Coal-tar enamels are applied in 
two coats. The primer should be 
evenly and carefully applied to avoid 
runs, festoons or other heavy ac 
cumulations. No coal-tar primer 
should be applied when the tempera 
ture of the steel is below 45°F., or 
when there is any moisture on the 
steel. After the primer is dry for 


te AVERAGE water-works super- 
intendent is employed in an oc- 
cupation which is very much diversi- 


fied. To cover all phases of his work 
he should be a construction engi- 


neer, a mechanic, an office man- 
ager, a public-relations expert, an 
orator and a steeple-jack. Most of us 
make out fairly well with all of these 
phases except the last one. If a pump 
breaks down or a pipe springs a 
leak or a customer argues about a 
water bill, we have in each case some- 
thing tangible to work on or throw 
out the office door, as the case may 
be. When it comes to a standpipe 


twe or three days, the final coat is 
a hot coal-tar enamel, applied with 
daubers. The pieces of coal-tar 
enamel should be heated in a suit- 
able melting kettle with an adjust- 
able intensity of flame, to maintain 
the temperature recommended by the 
manufacturer. The enamel as drawn 
from the melting kettle should be 
poured through a fine wire screen, 
to remove any foreign substances. 

Cold-applied coal-tar paint appears 
in the container as a heavy bodied 
paste-like material, which by stir 
ring becomes liquid enough for paint- 
ing. The first coat, applied directly 
to the steel without a primer, is 
usually brushed; subsequent coats 


are applied by brushing or spraying 


with pump-type equipment. 

Wax-grease paints applied cold 
shall be thoroughly rubber onto the 
clean dry metal with a stubby brush. 
The thickness of the coating shall be 
not less than 0.02 inch and not more 
than 0.03 inch. The tank can be 
placed in service as soon as the coat 
ing is complete. 

Wax-grease paints applied hot shall 
be applied to the clean dry metal by 
means of a spray apparatus, utilizing 
fluid pressure through special nozzles. 
Che temperature of the coating shall 
be not less than 250°F. and not more 
than 300°F. After application the 
coating should be thoroughly flamed 
with a torch, to smooth out all laps 
and close any pinholes. The thickrress 
of the coating shall be not less than 
0.03 inch and not more than 0.06 inch 


Ventilation 


Adequate ventilation must be pro- 
vided while painting or coating the 
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interior surface of a tank, especially 
with coal-tar products and some 
volatile paints. It is sometimes neces- 
sary to provide forced-air ventilation. 


Cleanliness 

All the operations of erecting, re- 
pairing and painting potable-water 
tanks should be conducted in a sani- 
tary manner. No person shall be per- 
mitted to work in a tank if he has a 
malignant illness within a period of 7 
days prior to entering the tank. The 
purchaser shall have the right to en- 
gage a physician to judge whether 
unfit to work in the 


any person is 


tank. 

The owner shall assure himself by 
a careful inspection that the interior 
of the tank is clean and sanitary be 
for it is placed in service. In addi- 
tion, it is recommended that the tank 
should be disinfected. For this pur 
pose chlorine is usually used. A com 
mon method is to scatter high-test 
calcium hypochlorite (H.T.H.), 
either as.a powder or liquid solution, 
over the bottom of the tank as it is 
filled with water, so as to provide a 
concentration of 50 ppm of chlorine 
in the full tank. Sometimes a 
concentration is used when the chance 
of contamination is. negligible. After 
the tank is filled, it should stand 24 
hours if possible, but for not less than 
6 hours, depending on whether any 
pollution may be protected by films 


lesset 


or particles. 

The tank should then be completely 
drained to waste and refilled from 
the regular source of supply. After 
filling, a sample of water should be 
collected and analyzed, to determine 
whether the tank may be safely placed 


in service 


Superintendents’ Problems 


by ALLEN M. SYMONDS 


or elevated tank we have have some 
thing different. In my experience | 
do not know a single water-works 
man who will climb to the top of a 
100-foot tank. 


Interruption of Fire Service 


Another important factor having 
to do with the maintenance of water 
tanks is that many averaged-sized 
towns depend upon a single tank to 
furnish fire protection, with the re- 
sult that there is a serious fire hazard 
when the tank is taken out of use. 
This is a responsibility which the 


water-works superintendent does not 
like, but must accept when he makes 
plans to paint his tank. 

Speaking from the standpoint of 
a private water company I have 
often wondered as to the legal liabili 
ty in case of a damaging fire, with 
little or no water available because of 
the water tank’s being voluntarily 
taken out of service. In my experi- 
ence [I have not encountered any 
damage suit because of these condi 
tions, but I can visualize my feelings 
if I happened to find myself on the 
short end, unprotected, and the result 
was the loss of a home. Such thoughts 


1956 
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Capacities and Sizes of 


STANDARD ELEVATED STEEL TANKS 


-y PITTSBURGH - DES MOINES 


as to the application of these tanks, 
for designs, for specifications, or for 
estimates, write—without obligation 
to our nearest office. 


In these compact but complete tables, 
data are furnished on the various 
types of elevated steel tanks, and on 
steel reservoirs. For full information 











TABLE I—DOUBLE ELLIPSOIDAL TANKS 


| Number] Radial 
Balcony | of Bevel of 
Width | Columns | Columns 


24° 4 1:12 





Capacity Tonk Dimensions 
US 


o 
@ 


Gallons 


25,000 








a : 30,000 
Hemi-Ellipsoidal Top 40,000 
50,000 


50,000 
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Double Ellipsoidal 


* Stendord practice is to make columns vertical for Double Ellipsoidal Tanks whose diameter exceeds 50 ft. 
However, their columns may be inclined if desired, in which case their radial bevel would be 1:20 


** Standoard tower heights (H) are as follows 
Up to 50 ft. in even 2 ft. intervals, 
from 50 ft. to 100 ft. in even 5 ft. intervals, 
and over 100 ft. in even 10 ft. intervals. 
* common standard tower heights are 75 ft. and 100 ft 
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TABLE II—OBLOIDAL TANKS 





CAPACITY 


U.S. 
GALLONS 


DIAMETER 
1) 


HEAD RANGE 
Vv 


TOWER HEIGHT 
H 





1,000,000 
1,500,000 
2,000,000 








88’ oO” 
92’ oO” 
106’ o” 





25° 0 
35’ o” 
35’ 0” 





As Required 
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WATER STORAGE TANKS 
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TABLE III—RADIAL CONE BOTTOM TANKS 


CAPACITY TANK DIMENSIONS NUMBER TOWER 
OF HEIGHT 


COLUMNS H 
8 As Required 





U.S. 

GALLONS 
300,000 
500,000 
750,000 
750,000 
,000,000 
,000,000 
,000,000 
,250,000 
,250,000 
,250,000 
,250,000 
,500,000 
,500,000 
1,500,000 
1,500,000 
2,000,000 
2,000,000 
: 2,000,000 
2,500,000 

2,500,000 
Radial Cone 2,500,000 
3,000,000 
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TABLE IV—HEMISPHERICAL BOTTOM TANKS 





Capacity Tank Dimensions No.** Veuer Matas 
in U en — of Balcony _— H ” 
Gallons| D ] Vv ee Columns | Width 


25,000415’0” a” 114" 6%" 18” 








Hemispherical 30,000 Bia") 54” 118 4%” 18” 


40,000 ‘s 18° 3%” 24” 


50,000} 19’0""| 25’ 6’ P 17’ 6” 24” 
60,000 : ’ 22’ 34%" 24” 
75,000} 21’0” “" 8 22’ 6%" 24” 


Bo om As Required 
































Column " 
* This column lists height of tank cylinder up to high water level. The cylinder actually extends 3" higher 


Riser ** Radial bevel of columns of 4 column towers is |-{{:12; of 6 column towers 1:10 





TABLE V—STEEL RESERVOIRS 





Capacity in 
U. S. Gallons Diameter Height 





50,000 20 21’ 
60,000 22’ 21’ 
75,000 24° 22’ 





100,000 26’ 25 
150,000 30’ 28 
200,000 34’ 29 


250,000 38’ 29’ 
300,000 42’ 29’ 
400,000 46 32’ 


500,000 50’ 34’ 
750,000 60 35’ 
1,000,000 70 35’ 


PITTSBURGH + DES MOINES STEEL CO. 
Plants at PITTSBURGH, DES MOINES, SANTA CLARA, FRESNO, and CADIZ, SPAIN 


Sales Offices at 
, 3418 Neville Island DES MOINES (8). . 919 Tuttle Street 
ryote f+ - NEWARK (2) 718 industrial Office Bidg DALLAS (1). . 1223 Praetorian Bidg 


130’ 40’ 
anes = CHICAGO (3), 1222 First National Bank Bldg SEATTLE 526 Lane Street 
LOS ANGELES (48). . . 6399 Wilshire Blvd. SANTACLARA, CAL., 649 Alviso Road 


MADRID, SPAIN Diego DeLeon, 60 


1,500,000 80’ 40’ 
2,000,000 95’ 38 
2,500,000 110’ 35’ 
PITTSBURGH (25) 
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sometimes make you wonder whether 
or not the risk is worth while. 
Because of these problems water- 
tank maintenance is often neglected or 
deferred to some future date 


Confidence in Contractor 


Due to the fact that climbing over 
nd around 
ccupation, performed 
steeple-jacks, the water-works supe 
at the mercy 
awarded 


tanks is a_ specialized 


only by 
int is very much 
1 contractor who may be 
the maintenance work. For this rea 
it is extremely important that 
choose only a proven and reliable 
ind co-operate with them to the 
extent. In order to 
the best and most efficient re 
there must be complete under 
nding and harmony between the 
uperintendent and the painting con 
tor. This is probably more import 
work than in any othet 
water-works business 
has brought 


possible 


tank 
of the 
past experience 
contact with various types of 
ctors, one of whom I happened 

ipplying two coats of paint 
same surface in one day, the 
it being applied during a 
rm. Needless to say, the 
pired right then. On the 

there are New 
painting 


here in 


nd very responsible 


untenance contractors, who 


business and who will 


100 per 


re repeat 


operate 


cent 


Cost of Work 


that “vou get what 
for” is probably more true 
than in 


This fact is ac 


iter-tank maintenance 


other projects 


ntuated because the maintenance 


beyond your sphere of opera 


ere he 


vatswain’s chair near the top of 


is swinging around 


100-foot tat k. vou probably are not 


tting beside him; he is working in 
ld of his own and vou, under 
stances, must have confi 
him. Because of the spec ial 
ature of this occupation, it is 
ogical that a premium be paid 
work and it will usual 
st more to paint a tank than to 
ut o te 


. type of 


ulding several times its size 
r painting a %4-mil gal water 
range all the way from $2. 

$5,000.00 and it is often 
ult for the water-works 
decide the issue 
will take 
vantage of this situation and may 
low bid, which is attractive 

ught, but in the long run 


perintendent to 


by-night” contractor 


the most expensive 
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Importance of Preliminary Inspection 


On the assumption that you are 
dealing with reliable contractors, the 
cost of reconditioning a tank ts pretty 
much in proportion to the amount of 
work to be done. This requires study 
on your part and necessarily an in- 
spection of the tank, both inside and 
out. At this point a painting contrac 
tor who is in your confidence can be 
of real help. 

Most of us realize that the prepara- 
tion of a tank for painting is the most 
costly and painstaking part of the 
project. The coat of paint applied to 
a defective base is actually worse than 
nothing. It may look good for a few 
months, but will eventually have to be 
removed along with the defective base 
hefore the tank can be properly 
painted. It follows that the more 
material has to be removed, the more 
costly will be the work. 

\n inspection will usually reveal 
patches where the paint has failed, 
and the metal has become rusted and 
pitted, as well as the depth of the 
pitting. It will reveal blisters where 
the paint is still in place, but sepa- 
rated from the metal. In a riveted 
tank an inspection may reveal rivet 
heads on the rusted away, 
causing seepage. The inspection will 
reveal the types of coatings previ- 
ously applied, principally on the in 
side. Many tanks have been painted 
with a hot tar or asphalt coating, 
which will require special treatment. 
Your inspection may reveal seepage 
through seams of a riveted tank 
After you have seen all this, my ad 
vice is to sleep on it for about a week 
or, to be more realistic, think about 
it while Ilving awake nights; it will 
help you in keeping awake. 


inside 


Extent of Work to Be Done 


On completion of your week of 
deliberation the problem now arises 
as to what is to be done. It is a basic 
fact that there is no paint presently 
made which can be successfully ap 
plied to rust, tubercles or 
blisters. It must be in contact with 
clean iron or with a previously ap- 
plied coating, tight to the metal and 
in good condition. Theoretically this 
clean metal can be obtained by scrap 
ing, wire brushing, power sanding or 
sandblasting. IT am opposed to scrap- 
ing, as to me it seems a very tedious 
and uninteresting operation with, at 
best. only fair results. Power sanding 
and wire brushing can do a fairly 
good job if the conditions are not 
severe. Sandblasting undoubtedly 
provides the most satisfactory clean- 
ing job, but as is usually the case 
with the best, is the most expensive. 


scale, 


You have now reached the $64,000 
question which is the heading of this 
paragraph, “Extent of work to be 
done”. 

There is no mathematical formula 
which can give you the answer; your 
good judgment is the formula for 
this situation. If the paint is hanging 
in ribbons, exposing a good deal, say 
one-half or more, of the metal, by all 
means go to sand blasting. If the 
annual budget will not allow this, 
don’t do anything for a year or two 
and wait for finances to catch up with 
the situation. This is better than 
spending money on a poor job. If 
the old coating looks tight, say 4 
of it in good condition, a power 
brushing with possibly some scrap- 
ing will prepare these smaller sur- 
faces without too much labor—this 
is to be followed by a spot priming 
coat and complete coat of paint. 

If your inspection reveals leakage 
in the seams or rivets, new rivets or 
caulking the metal is usually the an- 
swer. Seams in riveted tanks cannot 
be welded, because of expansion, re- 
sulting in leaks on either side of the 
weld. If you are confronted with an 
elevated tank having lattice work on 
one side of the legs, I do not know 
of any way to clean the inside of these 
legs other than by sandblasting. At 
this point serious consideration 
should be given to a long-term main- 
tenance program. If the coating on 
the tank seems to be in a question- 
able condition, it is probably wise to 
sandblast down to clean metal and 
start the program off right. After the 
initial job, it is advisable to inspect 
the tank once each year or two and as 
soon as deterioration of the surface 
becomes evident, to apply a new coat 
of paint. A program of this nature 
results in a small expenditure fre- 
quently, but has the advantage of 
keeping the tank constantly protected 
and, in the long run, at no greater 
cost. After 25 years, depending upon 
frequency of painting, it will hecome 
necessary to sandblast again and 
start the process over. 

You should by now have answered 
the $64,000 question and be in a 
position to prepare specifications for 


hids. 


Paint 


Due to the fact that following me 
on this program is a paint expert, I 
am very hesitant to say much on the 
subject of paint. It is immaterial as 
to who furnishes the paint, the paint- 
ing contractor or the water depart- 
ment, but again you should consider 
the reliability of your contractor. It 
has been the policy of the American 
Water Works Co. to submit bids for 





R. D. COLE MANUFACTURING CO. 


Newnan, Georgia 


ELEVATED STEEL TANKS, TOWERS, 


STANDPIPES, VESSELS. 


Established 1854 


5,000 TO 2,000,000 GALLON ELEVATED 
WATER TANKS 

This company has developed a complete line of 
welded and riveted Elevated Steel Tanks for water 
supply—both for domestic service and sprinkler re- 
quirements—ranging in capacity from 5,000 to 2,000,- 
000 gallons. 

Their designs include the standard hemispherical 
self-supporting bottom, shallow-depth, Cole ‘Ova- 
loid”, spherical tank on tubular tower, standpipes, 

and many individual styles 
involving architectural treat- 
ment to satisfy local 
ditions, or to provide special 
shapes for advertising pur- 


poses. 


con- 


STORAGE TANKS 


Pressure tanks for storage 
of gas from digesters at sew- 
age disposal plants, so that 
excess output at peak loads 
can be used during off-peak 
periods. Chemical storage 
tanks, hot water storage 
tanks, tanks for bulk storage 
of oil and gas. 


OTHER PRODUCTS 

Other Cole products include tanks, pressure ves 
sels, measuring tanks, processing equipment, lumber 
treating cylinders, etc., of aluminum, stainless and 
carbon steels and alloys, built to ASME Code speci- 


fications to meet all insurance requirements. 


OVER A CENTURY OF EXPERIENCE 
Established in 1854, this Company has been sup- 
communities and industry with 


plying American 


metal tanks, vessels and structures for more than a 
century. Cole elevated tanks are correct in design. 
Their simplicity contributes to their low cost of 
maintenance. Sprinkler tanks and equipment are de- 
signed to incorporate the recommendations of all in- 


surance authorities. 


A large and experienced engineering department is 


at the service of prospective customers to assist in 
solving their problems. Send us your inquiry, stating 
capacity, height to bottom and location. Write for 
booklet, “Tank Talks.” 
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paint separately, thereby providing 
their own material. I have followed 
this practice. 

\ few notes on paint have come 
to my attention which may be of in- 
terest for what they are worth. You 
cannot use ordinary lead-oil paints 
applied hot tar 
used in 


ver a previously 
coating; the material to be 
this case is so-called “Apexia” or its 
equivalent, which is applied cold, the 
Same as paint. 

You cannot apply an ordinary lead 
oil paint over graphite paint, as it 
will not stick. In applying more than 
one coat they should be of slightly 
different colors—to expedite complete 
coverage. Aluminum paint has 
proven to be most durable for outside 


iverage 


An Example 


outline my 
standpipe which may be a 


ish to experience 
ase, but in some ways unusu 
nk was erected in Grafton, 

for the Grafton Water Co 

* the year 1886 under the super 
my wife’s grandfather. It 
connected with the 
ever since, until the year 1953 
standpipe is riveted wrought 
vith a capacity of 100,000 gal 


re mained 


Tank-Paint Manufacturers’ 


manu 
confronted with 

problems in the development 
uitable paints for the 
of steel water-works tanks. He 


IVE coatings 
urer is 
mainte 
ust produce a paint which (a) con 
echanism of 
can be applied over various sut 


little 
(d } 


is the corrosion, 


conditions, (c) will last a 
than the 
ipply, 

d by the applicator, and (e) 
improves the appearance ot 
icture. Usually in problems 
4 compromise permissible, 
fortunately for the tank-paint 
such is not true. Per 
because of these problems 


manufacturers do 


owner expects, 


priced reasonably, 


tacturer, 


paint 

coatings for this purpose 
that most of these coat 
oduced by 


corrosion control 


manufacturers 


é iT 


craft, 
evidence of 


an ancient 


predating First 
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by CHARLES J. 


and is 25 ft in diameter by 30 ft tall, 
with a fixed iron ladder on the out- 
side and a manhole. Even I can 
climb this one, although I have re- 
cently had trouble negotiating the 
manhole. 

When I was given the job of man- 
aging this company in 1926, the tank 
was metal color and had not been 
painted since 1886; there was no 
paint on it either inside or out. In 
1930 the idea was conceived, not by 
me, of applying a membrane, resemb- 
ling burlap, to the interior and cover- 
ing it with asphalt emulsion, which is 
a similar procedure to that used in 
waterproofing flat roofs. At the same 
time the outside was given a red lead 
coat, followed by aluminum. The 
membrane and emulsion lasted about 
three months, until ice and other 
non-co-operative conditions brought 
the membrane and emulsion all to 
the bottom. This was shoveled out the 
next spring without sandblasting. 
The tank was then painted with the 
usual red lead primers 

At the beginning of World War 
Two, leaks began to occur in the 
bottom ring of plates. Clean, round 
holes developed about the size of a 
with the resulting stream of 


pencil, 
I made wooden oak plugs and 


water 


GOTTHARDT 


“ 3 


& 


found in the coloration of 
drawings of the men of 
on their cave walls. In 


paint 1s 
the scratch 
the stone age 
each successive age of man, paint has 
contribution to progress, 
emerging today as a combination of 
decorative and protective media, de- 
pendent upon other crafts to produce 
surfaces which are to be decorated or 
protected, or both 

The underlying theme of the tank 
paint manufacturer’s problems is the 
control of the mechanism of corrosion. 
Now the mechanism of corrosion is 
not completely understor rd by science, 
but the electrochemical interpretation 
is generally accepted. According to 
the electrochemical theory, in the case 
of iron and steel, corrosion is the con 
version of metallic iron into iron hy 
drates of the ferrous or ferric form 
through the presence of (a) water or 
moisture, (b and (c) an 
The actual mechanism of rust 
ing a primary reaction of iron and 
water, resulting in the liberation of 


made a 


oxvgen, 


ac id 


drove them in. This worked out very 
well until an accumulation of about 
15 plugs began to make us wonder 
how long the tank would last. Because 
of the war no steel was available and 
there was considerable anxiety as to 
results in the town of Grafton, if this 
tank should suddenly give up. We 
drained the tank, permanently plug- 
ged the holes with iron bolts and 
applied several coats of the best paint. 

About this time, around the middle 
of the war, the Electro Rustop Co. 
devised their apparatus to stop corro- 
sion by the so-called cathodic protec- 
tion method. We immediately pur- 
chased one and installed it on the 
tank. Up to about a year ago no more 
holes had developed. I have not 
checked with the superintendent since. 
My experience with cathodic protec- 
tion is that it works, but I do not 
believe it replaces paint. In my esti- 
mation it can be compared to a watch- 
dog, to protect any crack or failure 
which may develop in the paint coat- 
ing. 

The question of tank maintenance 
presents many intangible problems 
and one can argue moneywise as to 
the merit of not painting at all, as 
compared to a systematic mainten- 
ance and follow-up program. 


Problems 


Ma 


hydrogen, which in turn is attacked 
by the oxygen and is thus removed 
from the surface, leaving hydrated 


iron oxide—otherwise known as rust. 


Paints 


With this understanding as funda- 
mental, the knowledge of how certain 
basic paint chemicals can counteract 
this process must be utilized. It is 
fairly obvious that if the three agents 
of corrosion are denied access to the 
metal, there will be no 
Hence, the coating must be continu- 
ous, so that the metal will be com- 
pletely isolated mechanically. The 
coating must also be non-osmotic and 
non-permeable. But even the most 
perfect film cannot be expected to do 
the whole job, for the slightest rup 
ture of the film or imperfec- 
tion of application would neutralize 
the entire protective effect. Accord- 
ingly, a good second line of defense 
must be incorporated, which will 
control the corrosive agents through 


corrosion. 





means other than mechanical. This 
is accomplished by the introduction 
of certain basic pigments, which 
possess an oxidizing potential. In the 
corrosive the iron 
stratum begins to corrode, ferrous 
ions are released, which combine with 
hydroxyl ions in the water, forming 
ferrous hydroxide. The pig- 
ments in the paint film cause oxida- 
tion of the ferrous hydroxide to ferric 
hydroxide, which is highly insoluble 
and is precipitated at the point of 
formation. Thus, the cathodic poten- 
tial of the pigments results in the for- 
mation of an insoluble film over the 
anode or corroded area, causing the 
reaction to be stifled. This double 
pronged approach is the basic tactic 
the development of a protective 
coating for water tanks 
When we consider the 
suitable for 
well-known rust-inhibiting stand-bys 
red lead, blue lead and zinc chro 
mate—must be eliminated for sucl 
reasons as solubility, possible toxicity 
or taste impartment. Remaining are 
lesser-known inhibitors, such as zinc 
dust-zine oxide in combination, basic 
lead chromate and basic lead silico 
chromate. All of these are very active 
and entirely suitable for tank paints, 
having the undesirable ele 
ments of the first-mentioned group 
The relative merit of the acceptable 
pigments 1s open to some argument 
Based on testing in our laboratory, 
we rate them as equal rust inhibitors. 
In the case of basic lead silico-chro- 
mate, it is possible to increase the 


process, as sub- 


basic 


pigments 


this class of service, the 


none of 


amount of active pigment in a given 
gallon by virtue of the fact that it is 
a coating of lead chromate 
Since the active 


essentially 
on a core of silica 
portion of any pigment is the surface, 
it is possible to provide more active 
area per gallon by coating a light 
weight with a heavy pigment. 
\s lead chromate weighs 56 lb per 
solid gallon and basic lead 
chromate weighs but 34 lb per solid 
gallon, an appreciation of this advant 

is evident. Basic lead _ silico- 
chromate is a relatively new devel- 
opment of the National Lead Co., 
having been on test for several years 
in pilot-plant production. 
combina- 


core 


silico 


jcVe 
age 1S 


and 
The zinc dust-zine oxide 
tion of pigments has been known for 


now 


many years and is currently the only 
acceptable pigmentation for water- 
tank paint on government installa- 
tions. Its single disadvantage lies in 
that the zinc dust must be combined 
with zinc oxide at the time of applica 
tion 

The development of the continuous 
film for the mechanical aspect of the 
protective coating involves considera- 


tion of adhesion to steel and to other 
paint, elasticity under temperature 
changes, abrasion resistance, work- 
ability, insensitivity to immersion, and 
non-permeability. The paint industry 
and the Federal Government agree 
that the best all-round film to fit 
these considerations is produced by a 
phenolic vehicle. There are many 
vehicles which approach the 100% 
phenolic, but all of them are lacking 


one or more of the fundamental re 


quirements. We feel there is no close 
second to the phenolic vehicle and, 
although we are alert to new devel- 
opments, have seen nothing to date 


that we would care to consider seri 
ously. 

The combining of the pigment with 
the vehicle completes the basic tactic 
of tank-paint development, and _ all 
that remains to be done is to add 
the driers, adjust the viscosity, shade 
to standard color, check the uniform 
ity and conformity to quality control, 
and to package All of these steps are 
standard procedure and have no beat 
ing on the problems in paints for the 
maintenance of steel water-works 
tanks 

Manufacturers of paints for water 
works have certain definite 
ideas how their products should be 
Technically, the 
of the manufacturer ceases when his 


service 


used responsibility 


product leaves his hands, because he 
has no further control over its appli 
cation and use. His warranty to the 
customer is limited to the quality and 
composition of his product. Morally, 
the extremely in 
terested in how his product is used 
for he is interested in seeing the fruit 
of his labor ripen into satisfied cus 


manufacturer is 


tomers through satisfactory perform 
ance. Toward this end, the manufac 
turer first labels his product with a 
description of the contents and de 
tailed directions for Literature 
is published, describing the products, 
uses, and method of application in 
ereater detail, and it is here that the 
manufacturer makes his plea to do the 
job his way, in order that the pro 


use. 


duct may serve you well. 


System Paints 

Tank paints are system paints in 
that they require more than a single 
coat. Usually a painting system pro 
vides a particular formulation for the 
with the identical 
formulation with a 
tion for the intermediate coat and a 
slightly different formulation for the 
final coat. For systems involving two 
the 
involves a 


contact steel, an 


color modifica 


second coat 


cr lor 


coat applications, 
ordinarily 


only. On exterior surfaces, the primer 


change 
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is usually the same as applied to the 
interior, and the intermediate and 
finish are of a different for- 
mulation, particularly designed for 
atmospheric exposure and decorative 
in appearance. Systems of tank paint 
ing may differ, but all manutacturers 
agree that, whatever system you use, 
consistent and stay 
manufacturer’s pro 


coats 


you should be 
with the 
ducts for the entire job. This is most 
as compatibility of suc 


same 


important, 
cessive paint films is basic to satisfac 
tory performance. 

Che preparation of the 
tank-maintenance painting 
the paint manufacturer would like to 
stress, for optimum results rarely can 
careful and 


surface in 
is a phase 


be obtained unless 
thorough work has preceded the actu 
al spreading of paint. The most desit 
able surface for repainting is one that 
has been freshly sandblasted to bright 
metal. Second choice would be powet 
wire brushing and scraping 
to remove all the rust, mill scale, and 
paint. We feel there is no third 
choice and, therefore, the preparation 
last mentioned is an absolute mini 
mum Ss to invite prema 
ture paint failure and to defeat the 


sanding, 


j 
LOOSE 


lo do less 


whole maintenance program 
Paint films for steel water 
total 0.002-in. to 0.003-in. in 


thi kness, 


tanks 

dry 
depending on the numbet 
of coats applied. On this paper-thin 
film rests the responsibility for the 
protection of a major capital invest 
ment. The paint manufacturer has 
poured his knowledge, experience and 
endless testing into his products, put 
container and the 
package. At this point, the manu 
facturer control over his 
product, for, from here on, it passes 
into the hands of the applicator. The 
performance of the paint will be no 
better than the applicator’s best effort 
and, conversely, the best application 
will be unsatisfactory with poor paint 
When a tank-paint job fails, there 
is a quick juggling of responsibility 
by the manufacturer and the applica 
tor, and to get at the truth is some 
times exceedingly difficult. Perhaps 
the paint is wrong, perhaps the ap 
plication is poor, but more often the 
real cause of the failure may be traced 
to the tank owner, who prepared the 
and let the contract 
It is not always sound policy to award 
a contract to the lowest bidder, un 


it into a sealed 


loses his 


specifications 


less the specifications are precise and 
the owner will carefully supervise 
their adherence. Too often a contract 
is written and the job completed with 
out the owner’s taking the trouble to 
see that he is getting what he has 
ordered. Corners can be cut in pre 
paration and application, and paint 
1956 
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Water Storage Tanks 


Welded steel tanks have many advan- 
tages for the storage of water above 
ground. They can be made permanently 
watertight; they are unaffected by cli- 
matic changes; they withstand damage 
due to shock, impact, explosion or sur- 
face settlement; they require little 
maintenance, and often cost less than 
competitive types of storage. The Beth- 
lehem organization has nearly a cen- 
tury of experience in the design, fabrica- 
tion and erection of tanks to A.W.W.A. 
and A.P.1. specifications. Here are a 
few which we constructed during the 
past few years. 


AKRON, O.—This 1,500,000-gal standpipe, com- 
pleted in 1955, is 115 ft high and 47 ft in diameter. 
It has an elliptical self-supporting roof and is dressed 
up with an attractive ornamental cornice. 
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WEST WARWICK, R. 1.—Standing 52 ft high, this 1,000,- ROCHESTER, N.Y.—This 1,500,000-gal welded 
000-gal welded steel reservoir was put into service in 1955. steel reservoir was built for the New York Water 
It is 58 ft in diameter and meets Specification D100-52 Service Corporation, which engineered the job. It 
of the American Water Works Association. is 40 ft high by 80 ft in diameter. 
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Tar-Enameled Steel Pipe 


Sustained carrying capacity, 
bottle-tightness, resistance to dam- 
age, ease of installation and over- 
all economy—these are the out- 
standing qualities of steel water 
and sewage pipe. And it is because 
these qualities add up to better, 
more economical water service for 
the community that, through the 
years, many of the nation’s lead- 
ing communities have installed 
Bethlehem Tar-Enameled Steel 
Pipe, not on a single project, but 
on job after job. Here are a few 
interesting projects completed 
during the past year or so. 


READING, PA.—The newly-in- 
stalled Northwest Pumping Main 
consists of 37,000 ft of 36-in. and 
30-in. Bethlehem Tar-Enameled 
Steel Pipe. In the field the 40-ft pipe 
lengths were welded together to form 
120-ft sections which were lowered 
into the trench, then joined with 
Dresser couplings. 


BOSTON, MASS.— The 60-in. pipe 
shown here was installed along the 
Charles River, virtually in the 
shadow of the Harvard University 
stadium, Soldiers’ Field. 


QUEENS, N.Y.— Bethlehem Tar-Enameled Steel Pipe in diameters 
of 60, 48, and 36 in. was used to extend the Queens trunk main west- 
ward. The project required six miles of pipe. 


’ 

’ 

Ls 

STEELTON, PA.— Newly enlarged facilities at Bethlehem’s huge 
pipe shop permit the fabricating, grit-blasting, lining, coating and 
wrapping of pipe up to 96-in. ID. 


@ For design data on Bethlehem Tar-Enameled Stee! Pipe, please turn the page- 
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Its tremendous beam 
strength, unmatched by any 
other material, saves steel 
pipe from damage in emer- 
gencies such as flash wash- 
outs. Multiple 40-ft lengths 
up to 120 ft may be handled 
without damage to the pipe. 
In fact, far longer sections 
have been regularly handled 
in the laying of thousands of 
miles of steel gas line pipe. 


©) Leakproof 
Joints 


Joints made with mechanical 
couplings, welds or by rivet- 
ing, give unequalled protec- 
tion against leakage from 
within and contamination of 
contents from without. These 
joints are strong, allowing 
the pipe to span washouts 
without failure at the joints. 
Dresser couplings are widely 
favored for their flexibility. 
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Careful coating and lining 
with coal-tar enamel, in 
accordance with A.W.W.A. 
specifications, protects steel 
pipe from corrosion. The 
smoothly enameled pipe is 
impervious to corrosion and 
incrustation, and has flow 
coefficients as high as 150. 
We have modern shop facili- 
ties for coating and lining 
pipe up to 96-in. ID. 


Resilience 


The resilience of steel pipe 
makes it highly resistant to 
damage caused by vibration. 
It yields slightly under 
pounding of heavy traffic and 
shocks due to explosions, 
earthquakes and other exter- 
nal forces. Unlike rigid-walled 
pipe, steel pipe transmits 
loadings to the surrounding 
soil. Withstands heavy cover. 
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No other material can dupli- 
cate the shock resisting char- 
acteristics of steel pipe. De- 
signed with a safety factor of 
4 or more, Bethlehem Steel 
Pipe resists shock loadings, 
water hammer and surge; it 
can safely carry a load of 
nearly four times the work- 
ing pressure. Steel pipe is al- 
ways used for high-pressure 
penstocks and gas lines. 
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40 Ft 
Lengths 


This means economy in lay- 
ing the pipe. Only 132 joints 
per mile are required with 
40-ft lengths of Bethlehem 
Steel Pipe, as compared to 
300 or more joints required 
by shorter pipes. There is 
virtually no limit to the 
diameter; extremely large 
sizes can be shipped knocked- 
down for field assembly. 
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Every length of steel pipe is hydrostatically tested after fabrication, ordinarily to 200 pct 
of the working pressure, in accordance with A.W.W.A. specifications. 

This tested and proven strength of steel pipe is indicated by the chart below. The 
pressures shown are based upon the use of steel conforming to ASTM Specification 
A-283, Grade B, having a minimum tensile strength of 50,000 psi. 

When exceptionally severe internal working pressures are encountered, the use of 
higher-strength steel is recommended. If you would like to have further informa- 
tion, kindly call or write the Bethlehem sales office most convenient to you. 


THEORETICAL INTERNAL PRESSURES OF STEEL PIPE 


1/4 in. 5/16 in. 7/16 in. | 1/2 in. 


MAX MAX MIN MAX MAX 
WRK wr wrk BURST wr wrk wrk 

PRESS PRESS PRESS | / PRESS PRESS 
Psi Psi Psi st P Psi Psi 











445 61 | 555 | 1735 775 890 
400 68 | 500 | 1560 700 
78 | 465 | 1420 640 
86 | 420 | 1300 | 

108 | 340 | 1040 | | 1250 | 150 | 
130 | 280 | 870 | /1040 | 181 
148 | 240 | 745) | 890 | 206 | 
171 | 210 | 650| 203 780 | 236 | 290 | 
192 | 190 | 580 | 695 | 267 | 260 | 


“214 | 170 . 
| 







































































5251 255 | 200 | 625| 296 | 235 

















| 309 | 170 | 520] 359 | 195 


| 
| | | 357 145 | 450| 412 | 170 | 
| 470 | 145 | 























The recommended minimum wall thickness is approximately the pipe diameter 
divided by 165. Pipe hoving this diometer-thickness ratio, when backfilled 
ond properly tomped, will withstand any depth of cover. 

For buried pipe, the recommended minimum thicknesses ore shown im- 
mediotely above heavy black line. 






































Based on use of ASTM A-283, Grade B Steel, 50,000 psi min. ultimate tensile strength. 
*Under certain conditions stiffeners may be required to reduce deflections. 
| | 
= $2 P = internal pressure, psi | t = thickness, in. | Ts == allowable unit stress = 60% x 27,000 (yield point) = 16,000 psi | r = radius of pipe, in, 
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BETHLEHEM STEEL COMPANY 
GENERAL OFFICES: BETHLEHEM, PA. 


Akron Cincinnati Houston New York St. Paul 
Albany Cleveland Indianapolis Philadelphia Syracuse 
Atlarta Columbus Jacksonville Pittsburgh Toledo 
Baltimore Dallas Johnstown, Pa Providence Tulsa 

Boston Dayton Milwaukee Richmond Washington 
Buffalo Detroit New Haven Springfield, Mass. Wilkes-Barre 
Chicago Greensboro, N. C New Orleans St. Louis York 


On the Pacific Coast Bethlehem products are sold by BETHLEHEM PACIFIC COAST STEEL CORPORATION 
Sales Offices : San Francisco, Los Angeles, Portland, Seattle, Spokane, Phoenix 
Export Distributor: Bethlehem Steel Export Corporation, New York 





limit, 
the 
these 


beyond its 

without its being apparent at 
onset. It is not meant that 

practices are followed by all or even 
most applicators, for they know their 
reputation is at stake. However, the 
experienced applicators and lowest 
bidders are not always the same. To 
help the and the owner 
imsure as manutacturers 


can be treched 


applicator 
a good job, 
we control the degree of hiding in 
system paints. Thus, if a coat 
er-thinned or stretched out too 
preceding coat will show 
When spread at the recom- 
total hiding is achieved. 
a complete paint job 


oul 
far, the 
through 
mended rate, 
How long 


should last on a steel tank in water- 
works service is a question that must 
be answered in a “straddle the issue” 
manner. It is not unusual for a 
tank to go six years before repaint- 
ing, but there are extremes on either 
side of this figure. The expected life 
of the paint depends on the basic 
soundness and quality of the paint, 
the quality of the preparation work, 
the workmanship of the applicator, 
the degree of job supervision by the 
owner, the extremes of temperature, 
and the chemicals introduced into 
the water. The most intelligent and, 
in the long run, the cheapest ap- 
proach in tank-maintenance paint- 


ing is not to wait until the film fails 
before painting, but to anticipate the 
job with a maintenance program, 
based on performance experience. 

The problems of the paint manu- 
facturer in producing protective coat- 
ings for steel water tanks are actu- 
ally not solvable by him alone. The 
co-operation of the tank owner and 
the paint applicator is necessary if 
practical solutions to all of the prob- 
lems are to be achieved. It is some- 
thing of a question of integrity, 
respect, and confidence in each other. 
It is a sort of teamwork of a very 
high order, which works to the bene- 
fit of all. 


The Painting Contractors’ Problems 


tke FIRST problem is that of 

Price”. As in every field, money 

of paramount importance and | 
cannot impress upon you too strongly 
“You only get what 
You cannot get, or 
get, a thorough job, 
commensurate 


the old saying 
you pay lor 

even expect to 
unless the 


with the 


price is 
work. 
Usually, when a municipality 
owned tank is to be cleaned and 
painted, specifications are prepared 
and then invitations to bid are in 
order. It that in most 
the town or city awards the contract 
to the bidder. This is unfortun- 
ate at because there are a few 
painting contractors who cut the 
bottom out of the price just to ob- 
tain the Then—unless an in- 
spector is on the job with them eight 
they are apt to omit a 
coat of paint or otherwise do a poor 
iob, in order to get out of the con 
tract a problem, 
as it not deprives the honest 
contractor of work, but it hurts the 
owner, will have to 
be painted again that much sooner, 
and makes him disgusted with tank 


seems cases 
low 


times, 


work. 


hour Sa day 


alive. This is really 


only 


because it only 


painters i general 
| itll not 


o is 100 


that job 
cent, because in 
painting, field, the hu 
man equation enters and things 
ometimes do not turn they 
hould. However, upon noti 
hed \ ilways try to return and cor 


Saying every 
per 
as im every 
out as 


being 


t the error 
We ilways 


wate! 


advocate that if a 
district hasn’t suffi 
the budget to do the 
right way, it is better 
that the most 


town o1 
cient funds in 
iob the 


the part 


entire 


to do needs 


W.&S.Ww REFERENCE & Data— 1956 


by ROY O. LEONARD 


Contractor, Farmingham, Mass. 


attention thoroughly and leave the 
balance until the necessary funds 
are available. 


Interior Rigging 


Another problem we are comung 
into contact with more and more is 
that of rigging the interior of some 
of these newly designed tanks. On 
some there are hooks welded to the 
under hide of the roof which are 
of absolutely no value. Some tanks 
are built with holes in the roof, into 
which a threaded plug is inserted. 
Very often these holes are placed 
in the wrong part of the tank and are 
of no assistance to the tank painter. 
It has almost come to a point where 
the average steeplejack has to be 
an acrobat in order to paint some 
of the hard-to-get-at areas. The 
Factory Mutual Insurance Co. in 
Boston insists that tanks on property 
on which they hold fire insurance 
be painted and kept in first class 
condition. I have discussed this mat- 
ter with their Mr. Sweet several 
times, and they are quite concerned 
over the absence of any rigging fix- 
[ believe that Mr. Sweet has 
tank builders, to try to 
have some provision inserted in the 
take this 


tures 
contacted 
specifications to care of 
situation. 

rhen, there is the problem of seep- 
around the rivet heads and 
seams. This occurs in older-type 
tanks and it is virtually impossible 
to make such a tank 100 per cent 
water-tight by the chipping and 
caulking method. We have discussed 
this matter with various engineering 
and tank manufacturers, but 


age 


tirms 


tp to this time, the problem is not 
solved. We have tried blasting all 
the interior seams and rivet heads 
to virgin metal, and then brushing 
on several coats of one of the so- 
called liquid metals, but even this has 
not proven 100 per cent satisfactory. 
We believe that only by welding 
every seam and rivet head can the 
tank be made 100 per cent water- 
tight. Unfortunately to most munici- 
palities the cost of this method is 
prohibitive. 


Weather Problem 

When painting tanks, the weather 
is often a major problem. All tank 
painters know that no paint should 
be applied when the temperature is 
below 40°, or in damp and rainy 
weather. Another effect of the wea- 
ther encountered while painting a 
standpipe or elevated tank that is 
full or partially filled with water, 
in humid weather, is that of con- 
densation. It is a good practice, if 
possible, to have the tank emptied. 
This wili eliminate the possibility of 
the moist warm air’s condensing on 
the cold plates of the tank. This 
condition is not as apt to occur on a 
tank used for sprinkler systems only, 
because the level and temperature 
of the water remain constant. How- 
ever, in the case of a standpipe used 
on a water-supply system, where 
cold water is pumpec in and out 
several times a day, the water has 
no opportunity to establish a temper- 
ature balance with the exterior at- 
mosphere. We have had our troubles 
with condensation and try to avoid 
them by making sure either that the 





WATER STORAGE TANKS 
ell types...all sizes 
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® Over half a century experience in 


tank fabrication of all kinds 


@ Shop Fabricated and Field Erected 








ELEVATED WATER TANK 

75,000 gallon capacity. This 
type of tank is available in 
standard sizes and elevations. 


GROUND LEVEL TANK 

One of four 2,500,000 gallon water 
storage tanks fabricated and erected 
for The City of Kirkwood, Mo., and 
The St. Lovis County Water Co. 


with EVERY NOOTER TANK 
you benefit from: 


@ Deliveries You Can Depend On. Work scheduling is an 
important aspect of Nooter fabrication . . . dependable 
delivery dates are a basic policy with Nooter. 





Competitive Prices. Solid prices backed up by sound 
money-saving techniques, resulting from 59 years of 


tank-fabrication. STANDPIPE 
’ . his 125, — 
Outstanding Appearance. Nooter design and construc- on nes peta veg when 
@ typical example of the large 


tion places a high value on attractive appearance. variety of standard sizes offered 
by Nooter. 


Write for recommendations and quotations . . . no obligation. 


» TER 1412 SOUTH SECOND STREET 
SAINT LOUIS 4. MISSOURI 


+..-SINCE 1896 * 








CORPORATION ~ Steel and Alloy Plate Fabricators & Erectors . . .‘Boilermakers”’ 
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humidity is very low or that the 
tank is empty when we paint. 

Chere is another difficulty that we 
ave encountered with many paints 
on the market today—and that 1s 
that they cannot be applied in the 
late afternoon and still retain their 
ven though there is no ap 
moisture in the air. While 
not a major problem, it does 
contractor a con 
money im _ the 


riOSS, ¢ 


parent 


painting 
amount ol 


a year these 


repainting 
painting a tank, the first 
problem is in deciding upon the 
method to be used for that 
tank the metal 
properly cleaned, it is a waste 
money to apply any paint. I shall 
outline briefly the methods 
that we use, in cleaning the surfaces 
be painted 
In cases where it is found that the 
paint film has not broken down, but 
nly blistered and rusted in spots, 
these should be thoroughly 
cleaned with wire brushes, scrapers 
or chipping hammers, whichever are 
wire brush is 
instances. Af 


Betore 


ning 
cleaning 


particular Unless 


various 


spots 


necessary \ 
very eltective in many 


power 


type of cleaning, interior 
usually receive two complete 
paint. Exterior areas are 


coated and then receive 


ter this 
areas 
coats oft 
patcl one ot! 


two complete coats, as deemed neces 


Sandblasting 


However, where the steel is badly 
pitted rusted, we believe that 
sandblasting is the best cleaning 
method. Sandblasting a surface con 
sists of directing a controlled, fast 
moving mixture of sand and air all 
VveT the surface to be cleaned. The 
fast moving particles strike with such 
rust, 


and 


remove all scale, 
other foreign material, 
ing the surface bright and clean 
rhe sand mixture comes to the 
through a_ specially con 
hose from a container 


rorce as to 
paint and 


lea 


Opel itor 
structed 34-1n 
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that holds 800 Ib of sand under a 
pressure of 125 Ib per sq in. At the 
operator’s end of the hose, there is 
a hardened steel or ceramic nozzle, 
that cuts the 34-in. flow down to a 
4-in., causing it to leave the nozzle 
at a high velocity and with great 
cutting The average con- 
sumption of sand a day is about three 
tons. It is very important that the 
area which is sandblasted each day 
be primed immediately upon com- 
pletion of blasting. 

With regard to new tanks, the 
plates are usually delivered all de 
scaled and primed, with the excep- 
tion of a 2” strip around all edges 
of the plates. This allows an un- 
painted surface for the welder to 
work on when joining the various 
plates together. Upon completion of 
erection, the welded seams and the 
2” margin around them, together 
with all abraded spots, must be thor- 
oughly cleaned of rust and slag, and 
primed with the same make of primer 
as was used on the the 
sheet. The tank is then ready for 
the painter to apply the successive 
intermediate and finish The 
kind of paint to use for a given sur- 
face used to be quite a problem, but, 
thanks to great advances in chemical 
research made by the paint manu- 
facturers, better inhibitive and ad- 
hering primers and more pliable 
paint film, with greater water-exclud- 
ing qualities, are now available. This 
means longer life for the paint and 
greater protection for the surfaces 
and—in the final analysis—reduced 
upkeep. 

I should like to mention 
the factors involved in the painting 
water tanks. First of all, we 
must consider the sheets of steel. As 
they rolling off the rolling 
mills, each sheet usually is covered 
with a thin layer of tightly adhering 
iron commonly known as 
mill scale. It is impossible to roll and 
fabricate these sheets without crack 


power. 


balance of 


coats. 


some { of 


of new 


come 


oxides 


ing this scale. And once it is broken, 
galvanic action in the presence of 
moisture starts between the bare 
metal and the mill scale and spreads 
rapidly beneath the rest of the scale. 
Obviously then, to obtain a reliable 
surface for painting, this scale must 
be removed. The four methods by 
which this can be accomplished are 
as follows: 

Sandblasting 

Pickling 

Flame cleaning 

Weathering 

Since we have already spoken of 
sandblasting, I shall proceed with the 
pickling, which by the way, is the 
method most frequently used on steel 
plates for water tanks. After fabrica- 
tion, the sheets are dipped in an acid 
solution and remain submerged for 
the length of time necessary to re- 
move all mill scale. After this pro- 
cess, they are rinsed, dried and given 
a shop coat of primer. 

Flame cleaning consists of passing 
over the surface of the plate with 
a series of oxyacetylene burners, ar- 
ranged in the form of a rake. As 
these burners pass over the surface, 
the mill scale actually snaps off, due 
to the differential expansion. In other 
words, when the intense heat is ap 
plied to the mill scale, it expands 
rapidly and breaks free from the 
main sheet, which remains compara 
tively cool. The ideal time to prime 
is as soon as possible after the re 
moval of scale, while the surface is 
still warm. This excludes moisture 
and allows the paint to gain closer 
contact with the metal. 

Weathering as a means of remov- 
ing mill scale is just as the name im- 
plies. After erection the tanks are 
allowed to remain exposed to the 
atmosphere for a period of about 
twelve months. This allows the mill 
scale to loosen and fal! off. Any that 
is left will usually come off quite 
easily with a wire brushing. Then 
the whole surface is given a complete 
wire brushing and primed. 





Benefits of Effective Metering 


FFICIENT USE of 
meters is generally 
be one of the most effective 
of operating a well-run water supply 
system. Certainly metering is an es 
sential element in furthering the con- 
servation of this vital commodity 
particularly important in an era of 
increased demand and widespread 


water 
conceded to 
means 


shortages 

he design, metals, workmanship, 
operation and maintenance of water 
meters have been of special interest 
to me, not only in mv own city, but 
many places in the United States. As 
president and vice-president of the 
American Water Works Associatior1 
for the past three years, | have met 
with water works men in many sec 
tions of the United States and dis- 
cussed our mutual problems, including 
those relating to water metering. 

The proposal to grant tariff con 
cessions on foreign-made water 
meters is a matter of great consequence 
to the water works industry. In my 
opinion, such concessions would be a 
threat to the most efficient and prac 
tical means available to water works 
and the nation to reduce water con- 
sumption and to thereby control the 
critical national water 
supply problem 

[ will attempt to show the basis for 
this opinion by outlining (1) the rela 
tionship of meterage to supply; (2) 
the double threat to adequate parts 
supply inherent in tariff concessions, 
to wit, (a) the dangerous dependency 
upon foreign parts which would re- 
sult, and (b) the likelihood that our 
domestic source of parts will be de 
stroyed by foreign the 
likelihood that present essential serv 


increasingly 


prices; (3) 
ices in constructing meters suited to 
local waters and in advising on the 
proper adjustment and maintenance 
thereof would soon be eliminated, or 
at least greatly reduced, by domestic 
meter manufacturers and, not 
required under competitive bidding, 
would not be provided by low-price 
foreign meter suppliers. Their service 
is not the heart of the bidding, but it 
is a service that they include in their 
price schedule on the competitive 


since 


bidding. 
The fourth point is the inability of 
municipalities under local laws to pro- 


ply probiems, metering 


by 


c & Enar., Water Dept kla na ty | 


detri 
bids 


from 
low 


tect themselves these 
mental effects of toreign 
which, in the long run, threatens the 
continuance of eftective water meter 
ing in this country. 


Metering Efficiently Reduces 
Consumption 

It is universally recognized by 
water works officials that metering is 
the most efficient method of reducing 
consumption and encouraging water 
conservation. Each customer pays 
for what he uses on this basis. This 
practice ends needless squandering of 
water and encourages the fixing of 
the leaks which waste water. It is 
generally recognized that with the 
use of a water meter, 50 per cent of 
water consumption is saved. 

Without the use of water 
the actual needs of a community 
would be doubled. Therefore, it 
would be next to impossible to finance 
the construction of water supply sys- 
tems—and not only these systems but 
other enormous investments such as 
filtration plants, pumping stations and 
distribution systems which would be 
come necessary without adequate 
metering. The distributioa 
represents, on the average, about 75 
per cent of the total investment of 
the water system. 

I might say at this point that to 


meters, 


system 


~ 
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MORRISON B. CUNNINGHAM 


find additional water supplies has be 
come increasingly expensive and, in 
some locations very difficult. It is a 
real problem and an expensive one, 
especially in areas where water suy 
ply is of great importance 

lo show the importance of water 
should like to review the 
situation and 


meterage, | 
water supply 
the increased demand for water. In 
creased consumption of water and the 


present 


expanding requirements of industry 
have made the conservation of the 
nation’s water supply a problem of 
national importance. 
In our opinion the 
meters is the best way and about the 


use of watet 


only way we can enforce water con 
servation. 

lhe value of the meter industry of 
the United States, in 
well as in time of war, is playing an 
important role by providing 


peacetime as 


g@ skilled 
workmen and plant facilities for the 
construction of meters: water 
meters properly designed with propet 
metal alloys to meet the variable qual 
ities of water,and workmanship which 
in addition furnishes a ready supply 
of inter-changeable repair parts avail 
able to the water departments 


water 


Savings from Accurate Metering 


I started to work for the Oklahoma 
City Water Department in 1920. My 


‘7 | 


EXHIBIT—This graph of the relationship between metering and water consumption 
(Water & Sewage Works, May 1954) was among exhibits submitted to the Commission. 
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NEPTUNE METER 


MAIN OFFICE: 19 West 50th Street, New York 20, N. Y. + 


Atiante 18, Go. 
200 Permalume Pi., N.W. 

Boston 16, Mass. 250 Stwort St. 

Chicago 24, Ill. .4048 W. Taylor St. 


Dallas 7, Tex. 
Denver 17, Colo. 
Los Angeles =, Cal. 


BRANCH OFFICES 


315 Cole St. 
1700—15th St. No. Kansas Ci 


540 E. Harbor St. Portiand 9, Ore. 


Louisville 2, 8 W. Market St. 
pasa onl ig '25 W. 15th St. 


COMPANY 


FACTORY: 22-42 Jackson Ave., Long Island City 1, N. Y. 


Sen Francisco Boy Area 
101 Rollins Rd., Millbrae, Cal. 
Philadelphia 2, Pa. ....1420-26 S. 
Penn Sq. Philadelphia Meter Co. 


coe 4238 N.W. Glisan St. 


NEPTUNE METERS, LTD. Main Office and Factory: 1430 LAKESHORE ROAD, TORONTO 14, ONTARIO 
Offices: Calgary, Halifax, Montreal, St. Johns, Vancouver, Winnipeg. 


TRIDENT WATER METERS 


...Job Tested 
Ten Million Times 


For over 50 years, more Trident 
meters have been purchased than 
any other make. Most of these... 
even the oldest ... are still running 
accurately. This long serviceable 
life means lower amortization, ob- 
solescence and replacement costs. 

Trident meters have long led the 
field in design improvements, and 
today are the finest, most modern 
meters available. Every improve- 
ment has been made to fit all older 
Tridents. This is one of Trident’s 
biggest advantages. 

A planned schedule of testing 


TRIDENT 
IN 


Trident meters combine fine-instru- 
ment construction with the inherent high 
accuracy achieved only in disc-type, posi- 
tive displacement water meters. Accurate 


Trident Frost-Proof Meters 





*Del 
Base to U.S 
Center Gal 


wr Leth. Wdth. Ht 
Ir of Pipe Min 


Lt n's In’'s 
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and repair with Trident meters 
gives you a continuous program of 
meter modernization . .. at far less 
cost than scrap-and-replace meth- 
ods. Repairs take less time, too, 
aided by Trident’s extreme sim- 
plicity. A moderate stock of only 
the latest parts services all your 
Tridents. You waste no time 
searching or waiting for parts for 
old meters. Trident parts are 
always available. Your repair men 
have no obsolete models to learn. 
If they can repair one Trident, they 
can repair all .. . efficiently, eco- 
nomically. 


METERS FOR DOMESTIC SERVICES 
COLD OR WARM CLIMATES 


at all rates of flow within normal test flow 
limits and remarkably sensitive to small 
flows. 

Trident Frost-Proof Meter embodies 
the original frost-proof meter feature. If 
the water freezes and expands, the cast 
iron bottom cap breaks, relieving the 
working parts from strain. The bottom 
cap can be replaced at very nominal cost. 
For warm climates, the Trident Split- 
Case Meter is recommended. 

Among exclusive features for long 
accurate life are: Gear train is fully oil- 
enclosed, including the stuffing box, to 
isolate vital parts from abrasives, turbu- 
lence, corrosive elements, and to provide 
permanent lubrication. Anti-friction 
thrust roller absorbs disc thrust, making 
the Trident virtually immune to disc 
breakage. Heat-proof, hard rubber bush- 
ings in gear train and register are inter- 
changeable. Sand ring keeps abrasive ma- 
terial out of working parts. Materials are 
corrosion-resistant, with special materials 
for unusual corrosion problems. 


Easy to service and repair . . . makes 
big savings in meter costs over the years. 
Register has no screws. Chamber is snap- 
joint. Disc is in three parts, easy to adjust. 
Guide pins, slots, etc., assist in assembling 


meter properly. 


Trident Split-Case Meters 





*Del. 

Base to U.S. 

Wt. Leth. Wdth. Ht. Center Gal. 
Lbs. In’s In’s In’s of Pipe Min. 
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STYLE 3 TRIDENTS FOR MEDIUM RATES OF FLOW 


A disc-piston meter for commercial and 
other installations requiring medium rates 
of flow larger than household consump- 
tion, but not great volumes. Also excellent 
for “battery” settings where preferred for 
metering wide flow ranges. In addition to 
sensitivity on low flows inherent in disc 
meters, it has the Trident oil-enclosed 
gear train, heat-proof removable bushings 
in register and gear train, interchangeable 
parts and other Trident features which 
give it sustained accuracy and low main- 
tenance cost. On 112” and 2” sizes, a 
“delivery adjustment” can be regulated in 
relation to line pressure to prevent racing. 


NEPTUNE METER COMPANY 


These two sizes of Style 3 Meters do the 
work of any compound meter of equiva- 
lent size and, being simpler, they do it 
with less cost for maintenance and repair. 


Trident Style 3 Meters 





De omnes 


Ht. 


Base to 
Center 


*Del. 
US. 


Gal. 


In’s of Pipe Min. 


105% 
10% 
11% 
11% 
71% 


Ot 
% 


1 
2 
2. 


100 
100 
160 
160 
300 
500 
1000 








CREST METERS FOR BULK WATER DELIVERIES 


For “bulk” water deliveries at periodic 
or continuous high rates of flow—i.e., 
where mains deliver water to adjacent 
townships; hydraulic elevators, cranes, 
pile-jetting apparatus, etc., the Crest 
Meter is recommended. Of the velocity 
type, a turbine is rotated by the water at 
a speed directly proportional to rate of 
flow. Among features is the hollow hard- 
rubber turbine revolving on agate bearing, 
resulting in minimum friction, maximum 
sensitivity, sustained accuracy. Standard 
Trident register and gear train features. 
All parts interchangeable. 


Trident Crest Meters 





Size 
In’s 


Ser. 


Fige. 


Ser. 


Fige. 
Fige. 
Fige. 
Fige. 
Fige. 
Fige. 


Fige 
Fige 


wt. 
Lbs. 


65 
65 
83 
85 
250 
260 
300 
500 
800 
. 1200 
- 1950 


Leth. 


In's 


Wath. 


30% 
3614 


Ht. 


Base to 
Center 


*Del. 
U.S. 
Gal. 


In’s of Pipe Min. 


16% 
16% 
16% 
16% 
27% 
27% 
28% 
30% 
29% 
34% 
40% 


19% 


100 
100 
170 
170 
400 
700 
1600 
2800 
4400 
6400 
12400 





*Am. Wt. Wks. Asso. & New Eng. Wt. Wks. 


Asso. Std. Specifications 





COMPOUND METERS FOR WIDE WORKING RANGES 


Use this Compound Meter for services 
with a maximum demand beyond the 
yet with 
the probability of occasional small rates 


range of equivalent disc meters 


of flow. Accurate over a wide working 
range. Measures high rates of flow through 
a Trident Crest Meter unit and small 
flows, which cannot be recorded accu- 
rately by the Crest, through a Trident 
Disc Meter unit. In addition to the stand- 
ard Trident features of both these meters, 
a specially constructed valve automati- 


cally directs the water to the proper unit, 
depending on rate of flow. Single cast iron 
casing. All parts interchangeable. 


Trident Compound Meters 





Size 
In’s 


3 
4 
6 
8 


10 


wt. 
Lbs. 


460 
475 
685 
970 
1500 


Leth 
In’s 


45 v5 


Wdth 


In’s 


13% 
13% 
145% 
17% 


2058 


Ht. 
In’s 


27% 
27i% 
285% 
29% 
29% 


Base to 
Center 
of Pipe 


13% 
13% 
14% 
15% 
13% 


*Del 
US 
Gal 


Min. 


320 
500 
1000 
1600 
2300 








PROTECTUS 


Designed for fire line use where both 
high and low flows occur, and loss of head 
is an important factor. Meets such re- 
quirements with (a) accuracy on all flows 
and (b) low loss of head plus reliability 
of operation, satisfying both Water Works 
officials and Underwriters. Measures low 
flows through a Trident Disc Meter unit. 
Large flows are measured proportionally 


Trident Protectus Meters 


METERS FOR FIRE SERVICE LINES 





3 
4 


6 


a 
10 


wt. 
Lbs. 
700 
900 
1600 
2250 
3400 


Leth. 


In’s 
Incl. 


Incr. 


64% 
67 

83% 
89% 
98 


Wath. 


In’s 


38% 


Ht. 


In’s 


37% 


Base to 
Center 
of Pipe 


8 

s 
10 
11% 
14% 





by a Trident Crest unit. Water-way is soxttieen & New Eng. We. 
clear, unobstructed. Both units have 
standard Trident features which insure 
accuracy, long life and low maintenance 


cost, 


NEPTUNE METER COMPANY 
New York 20, N. Y. 
See Page R-176 for Branch Offices and Factories 
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METER TESTING—A meter testing shop at 


vestigate 

only 

of the water i was 
the distribution system 
ontributing factors 
that the city had 

self of the services offered 
industry 
concerning 


and the 


Was 
not 
with 


neter respect 


water meter 


availability of 


,a large number of the 

ut of and in 
; the customer was pay 

1, or flat rate, bill. The 
id services of the water 
meter 


service 


the training of 
nics, consultations on 
availability of 


urs and the 


reable repair parts, made it 
some 
The 


sale of 
water 


recondition 
1920 and 1921 
in the 
cent of the 
at repre sented a 


or us to 
rs in 
an increase 
“i } per 
consid 


of water by city depart- 
metered even though they 
for water. We found the 
about 10 per 
maintained 


average 
since 

meters in the 
the unaccounted for 
to only three to five per cent 


iter pumped 


ve have 
system to 
water 


uintained close consulta 

the meter industry and their 
to the extent that by 
alloys 
ship, the quality and 
f water have 
efficiency about four 
| or ex 
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design, metal 


meters 
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1920 we 


] 
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required 
four servicemen 
with a car, to main 
we have 
meter 


rs. Today, 
rs, with three 
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mechanics and three field 


[ think that is an 
cooperation of the 
people working with th 
turers in using a standard specifica 


servicemen. 
example of the 
water works 


manufac 


close 


tion, a general specification, and then 
going into special detailed require- 
of metals to fit a particular 
That was certainly true 


ments 
water need 
in Our case 


Quality Meters and Good Service 


I would like to give you a few ex- 
amples of what I mean by the quality 
which 
free 
field 


that goes into a water meter 


18 needed 1 


to give good 
and 
maintenance and shop repairs 


Service, 
of unnecessary expensive 

The material, metals and parts of 
the design which applies to the water 
of Oklahoma City 
sarily 


does not 
25 miles away, 
water supply has its 
characteristics 
water of 


well water or a 


neces 
apply to a town 
because each 
own individual water 
\ town that 
temperature 

supply 


has a even 
(like 
low-temperature 
but 


a wide range 


outside the 


zones) can get a close tolerance, 
a town where there is 
of temperature, from ahove freezing 
to 80 to 90 degrees, must have more 
clearance. If there is inadequate clear 
the and the disc 
chamber, expansion will the 
meter will stop, and the customer will 


reta prorated bill 


~ 


ance between disc 


occur, 


The meter manufacturers, through 
their field offices and local representa 
tives, have over the past 50 years 
built up i 
tions, 


valuable service organiza 
which are made available to the 
water departments of communities in 
the United States, without charge 
Che meter has available the 
services of metallurgists who are ex 
behavior of 


industry 
perienced in the metals 


in water 


Van Nuys, Calif., illustrates equipment employed in this necessary routine practice. 


Meter Manufacturers Are Specialists 

Even the larger water departments 
would have difficulty in independently 
financing this type of consultation. 
When we stop to think that there are 
16,000 water departments in the 
United States, serving more than 
100,000,000 people with water, and 
that eighty per cent of these depart- 
ments serve communities of 2,500 or 
can see how it would be 
natural for the water works people to 
depend to a very large extent upon 
the valuable experience of the water 
meter industry representatives. 

We depend on them to keep ad- 
vised of the local water conditions in 
order to supply water meters of the 
best quality design, metal alloy and 
workmanship, to meet the local de- 
mand for a meter having a long useful 
life, relatively free of expensive field 
and shop maintenance 

It has my that 
it takes years of experience and judg- 


we 


less, 


been observation 
ment for anyone to observe and de- 
termine metals that give good service 
and those that do not give good 
service. 

conceive of a foreign- 
company furnishing a 
meter to the water works industry 
of the United States which could 
these existing demands. Nor 
can I conceive of a foreign meter 
exporter having the incentive or the 
particular experience with American 
to duplicate these existing 
special services and know-how of the 
\merican meter industry, at 
within the foreseeable future. 


I cannot 


made meter 


meet 


waters 
least 


Domestic meter manufacturers pro- 
vide and participate in extensive 
advisory and educational services re 
lating to meter maintenance and ad- 
justment. Field representatives of the 
meter manufacturers of the United 





States have participated in Water 
Works Short Course Schools which 
are conducted annually in most of the 
states, and District Meetings and 
Special Schools, such as those for the 
study of water meters, are conducted 
one or more times annually in many 
of the states. Representatives of the 
meter manufacturers always take an 
active part in this work. 


Potential Danger in Foreign Supply 


lo sum up, let me state that, as 
a practical matter, the price advantage 
which a tariff concession would give 
to foreign meter companies would 
assure their obtaining water works 


business on a very large scale within 
a relatively short period of time. 
These foreign meters, so purchased, 
would in time of war or whenever the 
foreign manufacturer decides to go 
abandon their 
unusable 


business or 
market, 
meters. 


out of 
\merican 
or “dead” 


become 


In addition, the destruction of or 
substantial injury to the domestic 
meter industry resulting from foreign 
competition would drastically impair 
and ultimately eliminate parts replace- 
ment for the thirty million odd Amer- 
meters—that represents at least 
an investment of $400 million, and 
the replacement would be calculated 


ican 


R-179 


at least double that amount or more 
well as the other 
construction and 
which are 


now in use as 
services 1n propel 
maintenance of 
presently available only because 
\merican meter companies can pres- 
ently afford to provide local water 
works and are, in my opinion, essen- 
tial to truly effective metering 

| have no doubt that a market torn 
between indifferent foreign exports 
and a dying domestic industry can, in 
the short run as well as in the long 


meters 


run, produce only great hazards to 
our water works industry and to et 


fective water conservation 





Renovating Water Meters 


7 
W ATER COMPANIES, on the whole, 


and also several of the more progres- 
sive municipally owned Water De 
partments, have found that a little 
dressing up of overhauled meters be 
fore returning them to the customers’ 
service has a desirable psychological 
the The spray 
gun and gilt or silver lacquer or a 
combination of the two is the most 
universally employed method of dres 
ing up old meters after they have been 
on the 


eltiect on customer. 


overhauled and tagged “O.K.” 
test bench. 

La Verne Trentlage, of the Water 
Department of Elgin, Ill., has evolved 
a scheme which goes the spray-gilting 
method one better in making “new” 
meters out of old ones. In the Elgin 
scheme the metal parts of the meter 
are given a treatment which removes 
the oxidized or carbonated coating 
from the metal and leaves the parts 
as metal-bright as when turned out 
by the manufacturer. 


Cleaning and Brightening Procedure 
(1) Dip meter parts for 10 minutes 
in hot Trisodium Phosphate solu 
tion (2% Ibs. or 135. 
10 gallons of water). 
(2) Remove meter parts from 
r.S.P. solution and rinse in hot wa 


more ol 


ter to remove the alkali. 

(3) Dip the parts in Muriatic Acid 
solution (1 part 18 degree Muriatic 
\cid—to 2 parts of water). Allow to 
remain in this acid bath for approxi 
mately 15 minutes, or longer if neces 
sary. Remove and rinse in hot water. 

(4) To brighten to original lustre, 
immerse in the “bright-dip” solution 
(1 part 38 degree Nitric Acid, 1 part 
66 degree Sulphuric Acid and I part 
water, plus a handful of common 
salt). Leave the parts in the bright 
dip for 5 to 10 seconds, the length 
of time depending on the composition 
of the metal and degree of brightness 
desired 

(5) 


Remove and rinse in 


water to remove acid. 

(6) To keep the parts from dulling 
on standing, a “stabilizing-dip” (es 
pecially prepared for this purpase) 
has been developed by General Chem 
ical Company ) After the rinse, the 
dipped into this solution, 
allowed to drain and 


parts are 
removed and 
dry 

Votes of Caution: Always add a 
ids to water and not water to acids 
when making dilutions. This will pre 
clude over-heating and spattering of 
the acid. Be careful to avoid splash 
ing of the acid when dipping the me 
ter parts. In acid accidentally 
splashes on hands or face, wash at 
an acid 


case 


once in clean water to avoid 
burn. Spattered acid is also hard on 
clothing and Rubber aprons 
and gloves are good protection 

Do not steel 
dipping meter parts. Copper or monel 


shoes. 
use Iron or wire for 


metal wire is satisfactory 
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four different water sur 


The Plains Electric Genera- 


from one water trea en cnd Vieille Cl 


rol ol-teehiha-ea-14 shih wae 

b GE N e RAL pleted at Algodones, New 
y : Mexico, provides 30,000 
eh elite omic mick ie 


west consumers 


Consulting Engineers: 
Laramore & Douglass, Inc., Chicago, 


AERATORS «+ FILTERS + TASTE AND ODOR « ALKALINITY CONTROL + HIGH CAPACITY 
RESINOUS ZEOLITE + IRON RUST REMOVAL «+ DEMINERALIZATION + SOFTENERS Ask for recommendations 


for a water treatment plant 

job-engineered to” your 

requirements. a fast, 

G enera (A\F ilter Compa Ny efficient, economical system 


AMES, IOWA by General Filter 


. . . better water” 
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WATER TREATMENT 


ip rREATMENT of water for do- 
mestic or industrial use is com- 
monly termed water purification, This 
is a relative term; it refers to the 
removal of undesirable matter (sus- 
pended and dissolved) and bacteria 
in order to make the water acceptable 
for use. 

The kind of treatment employed in 
water purification depends on the 
use for which the water is being pre- 
pared and the character and amount 
of the matter to be removed. For do- 
mestic use, that is, for human con- 
sumption, removal of bacteria is of 
primary importance, but removal of 
turbidity, color, tastes and odor is 
also desirable from the standpoint of 
consumer, Industrial 
too, often require more elaborate 
purification than water for domestic 


the processes, 


uses. 

Che steps in water purification in- 
clude several unit processes: Coagu 
lation, sedimentation, filtration, dis- 
infection, aeration, adsorption, chem- 
ical oxidation, ion-exchange, chemical 
precipitation and stabilization, Aera- 
tion, adsorption and chemical pre- 
cipitation are used in softening and 
iron and manganese removal. Stabil- 
ization is a method of corrosion con- 
trol. These steps not only involve 
unit processes but also special equip- 
ment. 


Coagulation and Sedimentation 


Coagulation is accemplished by the 
addition of chemicals to water. This 
involves the use of chemical handling 
equipment, chemical feeders and 
chemical feeder controls, mixing and 
flocculation equipment, and tanks in 
which the reactions can 
proceed. 


necessary 


Sedimentation provides for the re- 
moval of suspended or precipitated 
matter by allowing these particles to 
settle under the influence of gravity. 
Sedimentation is accomplished in 
tanks which are designed to produce 
the detention time and are 
equipped with valves, level controls, 
and devices for removing the settled 
sludge. Some of these latter devices 
are mechanical and provide for con- 
tinuous removal of the sludge. 

The subject of coagulation and 
sedimentation and chemical handling 
are discussed under Section IV of this 
Reference & Data Edition. 


desired 


Filtration 


When water is passed through beds 
of porous material, suspended mat- 
ter is removed. The common material 
used in water plants is relatively fine 
sand although crushed anthracite is 
also used, This sand is contained in 
some structure with a valve system 
for controlling the flow of water and 
an underdrain collection system. 
Chere are two types of filters; slow 
sand filters through which water is 
passed at rates of 0.016 to 0.16 gal 
per sq ft per min and rapid sand 
filters through which water is passed 
at rates of 1.6 to 3.2 gal per sq ft 
per min, sometimes at higher rates. 

The actual removal of suspended 
and colloidal matter by filters is ac- 
complished in several ways. Particles 
larger than the voids between the 
sand grains are strained out and form 
a mat, termed a Schmutzdecke, which 
in turn strains out smaller particles. 
Precipitation of colloids by adsorp- 
tion on the relatively large surface 
of the sand grains also removes mat- 
ter. There is also a flocculation which 
takes place in the filter and these flocs 
build up on the surface of the sand 
grains thus increasing the area of the 
surface which can adsorb matter. 

Microorganisms aid in the 
filtration process. They form sticky 
coatings on the sand particles which 
attract and hold other particles. These 
organisms may also act on these sub- 
stances and actually cause a chemical 
change to take place. This is partic- 
ularly true in slow sand filters. 

Most treatment plants in the United 
States use rapid sand filters (some- 
times called mechanical filters from 
the early designed which used me- 
chanical rakes in cleaning). Filter 
plants are usually constructed with 
several units which operate in par- 
allel. Usually, the number of units is 
some multiple of two and the size of 
the filters is such that each can treat 
an appreciable percentage of the max- 
imum daily load on the plant. The 
capacity of the filter may be from 
25,000 to 10 million gallons per day. 
In designing the filter plant, it is 
generally planned to have a reason 
able number of units of reasonable 
size. 

The filter consists of an under- 
drain system commonly termed a 
filter bottom, of which there are sev- 
eral kinds (Wheeler bottom, porous 


also 


plate, perforated tile, brass strainer, 
etc.). Above the filter bottom there is 
usually a shallow layer of coarse 
gravel on top of which is a layer of 
24 to 30 in. of fine sand, the size of 
which is important. In place of silica 
sand, crushed and graded particles 
of anthracite coal is also used. 

Valves are used on the inlet to the 
top of the filter, and on an outlet to the 
sewer, also above the filter and con- 
nected to troughs above the sand to 
carry off wash water. An outlet valve 
and rate controlling valve are used 
on the effluent line from the under- 
drain system of the filter. Another 
valve is placed on the effluent line 
to waste and another on a wash water 
line which is connected to the under- 
drain system for forcing water up- 
ward through the sand for washing. 

An instrument to determine the 
loss of head through the filter indi- 
cates the extent to which the filter 
has become clogged by accumulations 
of dirt. This is known as a loss of 
head gage. A gage is also connected 
with the rate of flow controller to 
show the rate at which water passes 
through the filter and to totalize the 
amount filtered. Each filter is usually 
equipped with an operating table 
which controls the opening and clos- 
ing of the various valves. 

When the filter becomes ciogged 
with impurities removed from the 
water, the loss of head increases and 
eventually reaches a point where the 
filter will not pass water at the de- 
sired rate, It is then time to wash the 
filter. This is done by shutting off in- 
coming water, closing the effluent 
valve, opening the surface waste out- 
let, and opening the wash water valve 
to admit water to the underside of 
the filter. 

The object of filter washing is to 
remove the filter sand, all the matter 
accumulated thereon during filtra- 
tion. Passage of water upwards 
through the sand or anthracite coal 
(“Anthrafilt’”) at rates of 15 to 30 
inches of rise per minute is enough 
to lift the sand particles and cause 
them to scour against one another 
The rate at which wash water is ap- 
plied, as measured by the rate of rise 
of water level, is controlled to pre- 
vent sand being washed out of the 
filter, but should be high enough to 
cause the sand bed to expand by 50 
percent. ‘ 
1956 
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length of the washing period of a pipe for discharging the water extent in water softening by the lime- 

wv different conditions but at some height and allowing it to fall soda process. This subject of water 

three to five minutes is suf through the air ; cascade plates, slotted softening including the ion-exchange 

improve the scourin plates, shelves, steps, etc. aid in break- process is presented in some detail in 

le sand grains durin; ng up t water as it falls. Spray Section V as are iron and manganese 
pressure water jet zi robabl; greatest removal. 


urtace I ‘all I cup Ol water pal ies and hence 


es rotating jets rmay the largest surtace exposed to air, but 
ted at the bottom juires considerable he to pro Stabilization 
Ori distribution == the spray. Many wate! plants Waters which contain carbon di- 
- dus : only when taste and oxide or have a pH below neutral for 
exist, | res ipally u other reasons tend to be corrosive to 

: en algae growl mains and household services and hot 

abound water tanks. Waters which have a 

high pH due to softening tend to 

Taste and Odor Removal deposit carbonates in mains and serv- 

ices or to be corrosive to hot water 
tanks. Treatment to overcome both 
of these tendencies is stabilization; 


lies 
lal made 
1de algae, : 
nan treatment to prevent corrosive action 
from 8 commonly termed pH adjustment 
\loge OF corrosion control and the word 
fendes ' stabilization is more generally applied 
method for to treatment of softened waters which 
are super saturated with calcium car- 


bonate, or which are low in alkalinity 
due to excess lime treatment. 


measuring th lhreshold 
| . | 


Odor Tes dor 1 valuated by 


operator 
Stabilization of lime softened 
waters may be accomplished by re 
carbonation with carbon dioxide gas, 
by the addition of alum which is 
both acidic and flocculates the car 
bonates, or by the addition of sodium 
hexametaphosphates, of which Cal- 
gon is an example. Treatment with 
the glassy phosphate is known as 
“threshold treatment” because a very 
small amount of phosphate will in- 
hibit excessive precipitation of the 
numbers can not carbonate. 
yplies but a hot thresh 


{ more than Fluoridation 


The addition of fluoride com 
pounds, termed fluoridation, is not a 
treatment method in water purifica 
tion. Rather it is a process of adding 
a chemical to the water supply as a 

reservoirs in Carrier in order to provide a micro 

waters and silver ontrolled amounts will kill off algae nutrient to the diet of the consumers 
It has been shown that the presence 

of approximately 1 ppm of fluoride 
ion in water wiil decrease the inci 
dence of tooth decay in children and 
in adults who drink such waters reg 
ularly as a child. The addition of 
fluorides to water is a public health 
measure, and water works personnel 
and plants usually act only as the 
agent in carrying out the will of the 


ire used for the con 
been and odors due to algae 


control ie firs to control the growth ot 


is used lga 1! Wa uy i his Is 
ment, ( opper 


tor small lantities bef the numbers of organisms 


proportions that will cause 


severe tastes and odors. Preventive 
nt within the water plant in 
good housekeeping, particu 
aeration ha 1 nino riilati 
by Keeping coagulation and set 
ot wate! 1 | } ] ] 
’ l ¢ basins and filters clean 


ing unwantec ti i ] 
4 ! Corrective treatment includ aera 
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1¢ chemical oxidation, and adsorp 


lr ] 


] } y vy, +} ‘ . 
ied by bringing the vy ; tion. Aeration has already been dis . 
mate contact with air. Tl cussed. Chemical oxidation includes People where it is decided that fluo 


be cee 4g' about by treatment with chlorine dioxide, ridation should be practiced. 
rf everal types it alee ozone, and chlorine: adsorption uti 
ntroduce air trom Diowers ise eS ape ee 
i ieaaeall ; izes activated carbon Laboratory Control 

ough some porous media in fin 
bubbles at the bottom of a tank and AT] 5 at —s 
ne bottom | ank a , —— j water purificatior ractices 

the ai hy = Chemical Precipitation aaa pres 
— a py s upward through the should be carried on subject to lab- 
water ping out the undesirabk Chemical precipitation is involved oratory control. This subject of lab- 
tastes and odors in coagulation to produce the floc de- oratory control has been discussed 


Waterfall aerators consist simply _ sired, but it is employed to a greater in Section IV. 
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Design and Operating Problems in Small Plants 


by THOMAS R. LATHROP 


ry a great extent, the problems of 
I the small and large treatment 
plant are similar. The raw waters ol 
beth produce the same problems of 
purification, including che mical appli 
cation, filtration and disinfection. lhe 
differences in operation 
F diffe 
in the type of personnel usu ill 
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Rate Control 

Rate controllers are most econom- 
ically constructed for one or two fil- 
ters by employing a float chamber 
which provides a constant head over 
an orifice. The only problem of oper- 
ation is to keep the float valve work- 
freely, Putting a proper cover 
over these controllers is quite im- 
portant if foreign matter is to be kept 
from the clear well. The type of rate 
controller usually supplied employs 
valve actuated by pres 


ing 


— 


a hvdraul« 


ure on a diaphragm and is very sat- 
isfactory in the plain filtration plant. 
It is of little use in many lime-soda 


oftening plants because the pilot 
becomes encrusted and the controller 
fails to function. If vitreous phos- 
introduced into the water 
f the filters, this trouble is 
However, a water harder 
may be expected when 
this chemical is applied to the water 


phate 1s 


nat d 
20 ppm 


before filtration 


Pumps 
Pumps in the softening plant using 
ressure filters usually take suction 
from the settling tank discharging 
through the filter into the distrib- 
uting system. In softening plants this 
irrangement has the serious draw 
back of incrustation of the 
pump runner and housing, making it 
necessary to take the pump out of 
service about once or twice a month 
for removing calcium carbonate. This 
very hard and crystalline 
in character. An acid bath is the most 
effective method of cleaning. To rem- 
the condition, the high-service 

ps may be arranged to take suc- 

the filter effluent instead of 
the effluent. When the water passes 
through the filter before it 
has more sta 
bilized little further trouble is 
experienced with incrustation. Vit- 
reous phosphate applied to the suc 
pump will also prevent 
incrustation of the pump by calcium 


causing 


coating 1S 


thon trom 


reaches 
the pump, it become 


and 


tion of the 


carbonate 


Filter Washing 

\ wash water tank is usually lack 
ing in the small plant. Sometimes a 
a pump is provided, but very often 
is drawn from the 
main discharge of the plant to the 
distribution system. This is practical 
elevated tank on the 
ystem and if the filters require only 
relatively small amount of wash 
iter. At one plant, with a 6-in 
1rce main about two miles long, the 
filter divided into 
parts of washing purposes, so that 
enough wash water would be avail 
able from the small force main with 
friction loss. It 


the wash water 


there is an 


' 


Ssinotle 


was two 


its higl is desirable 
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that an auxiliary gate valve regula- 
ting the rate of filter wash be placed 
on the main wash water line so that 
wash water valves on each filter can 
be opened wide without danger of 
upsetting the sand and gravel bed. 


Automatic Controls 

Clear wells have been omitted in 
some small plants in order to reduce 
the cost. Pumps take suction directly 
from the gravity filter effluent line 
and dishcarge into the distribution 
system. An elevated tank usually 
floats on the system, but somtimes a 
pump with automatic controls dis- 
charges into a hydropneumatic tank. 
The pump is in frequent operation 
during certain parts of the day. At 
some plants, the pumps will start as 
often as once a minute, operating for 
from 10 to 15 seconds at a time. 
Treating water under these conditions 
certainly presents problems which the 
large plant operator never encounters. 
Automatic equipment, actuating low- 
service pumps, chemical feeders, fil- 
ters and the like, materially facilitates 
operation of a plant of this type. 


Operating Problems 

Raw waters from impounding res- 
ervoirs often contain algae. For the 
most part, the small plant operator 
does not determine what organisms 
are involved but employs copper sul- 
fate in varying amounts at different 
locations. Usually the copper sulfate 
is applied on more or less of a sched- 
ule, such as once or twice a month. 
If the conditions are not improved, a 
may be called 
upon to advise a treatment. 

The aeration of well waters is fre- 
quently accomplished adjacent to the 
filter building. Spray from the aera- 
tor saturates a brick building wall 
and the chemicals stored inside near 
the wall will take up so much mois- 
that 
feed them with a dry feeder. Separ- 
ation of the aerator from the building 
is advisable. 

Mixing devices at some softening 


supervising chemist 


ture it becomes impossible to 


plants require a great deal of mainte- 
nance because the small plants oper- 
ate intermittently. Sludge collects on 
the bottom of the basin during the 
period of shutdown and makes it dif- 
ficult to start the mechanism, with 
breakage often resulting 

The operation of filters in the plain 
filtration plant is largely a matter of 
keeping the filter material clean and 
free from mudballs. In the lime sof- 
tening plant, the problem of main 
taining filters is much more serious. 
The sand becomes heavily incrusted 
and at times cements together, form- 
ing large chucks and slabs. The oper- 
ator must be continually on the watch 


to prevent this condition. The filters 
should be prodded with a long-han- 
dled rake each time they are washed, 
so that the operator may know the 
condition of the sand. As previously 
stated, a surface wash system will 
prove very helpful in preventing sand 
agglomeration. Frequent removal of 
sand from the surface of the filter 
is necessary to keep the sand level 
at a point below the bottom of the 
wash troughs. When sand is heavily 
incrusted, little or no sand expansion 
takes place during the washing oper- 
ation. The effective size of the sur- 
face sand often reaches 2 mm. or 
more. Below the surface the size is 
much smaller. 

In washing purification plant fil- 
ters, the operator must learn to work 
the wash water valve slowly. Valves 
in small plants are usually manually 
controlled and often cannot be open- 
ed too rapidly, but many are opened 
fast enough to upset the gravel layer. 
The carborundum-plate filter bottom 
which is coming into use should pre- 
vent troubles resulting from dis- 
placed gravel layers. 

Tastes and odors are attacked in 
the small plant in about the same 
manner as in the large one. The oper- 
ator of a small plant does not have 
the facilities for making threshold 
odor tests. And he may not have the 
training to test for free residual chlo- 
rine. Activated carbon and combined 
chlorine are usually employed for 
taste and odor control. Free residual 
chlorination is used for taste removal 
at a few small plants where the oper- 
ator is competent to control it. 

Disinfection at the small plant is 
usually best accomplished with hy- 
pochlorite rather than with liquid 
clorite is, overall, more economical 
clorite is, overall, more economical 
as well as being more simple in oper- 
ation. 

The maintenance of the plant in a 
neat condition is more of a small 
than a large plant problem, as the 
small plant often has no space for 
storage and becomes cluttered up 
with all sorts of equipment. In build- 
ing small water works plants provi- 
sion must be made for chemical stor- 
age, tool and meter room, and 
general storage space if anything ap- 
proaching neatness is to be attained 
by the operator. 

A small amount of effort toward 
landscaping the works will greatly 
improve its appearance. The planting 
of trees and shrubs can be done with 
no outlay of money because individ- 
ual citizens or the garden club can 
be depended on for material if the 
water works man indicates an inter- 
est. 





Notes On Water Filtration 


Oe rRATION is a process of remov- 

ing suspended matter from a liquid 
by passing it through a porous me- 
dium. In water treatment plants this 
medium is a granular material such 
as sand, anthracite diato- 
miaceous earth, 


coal or 


Types of Filters 

There are four types of filters: 
Slow sand, rapid sand, pressure, and 
filter-aid filters. In the first two the 
filter medium is contained in a struc- 
ture open to the atmosphere. The 
pressure filter is a closed pressure 
tank containing the filter medium. 
The filter-aid filter is a special pres- 
sure filtering device as will be de- 
scribed later. 

In both types of sand filters, the 
bottom of the structure contains an 
underdrain or collecting system. 
\bove this underdrain system, there 
are successive layers of stone, coarse 
fine gravel and sand. The 
lower layers are but a few inches deep 
but the sand layer is from 12 to 30 
inches deep depending on the design 
ers preference. In the slow sand fil 
ter the underdrain system acts solely 
to collect the water which filters 
downward, under the force of gravity, 
and lead it to storage. In rapid sand 
filters, the underdrain system not 
only collects the filtered water but 
serves as a distribution system for 
forcing water upward through the 
sand filters to wash the filter. 
discussion of backwashing, later) In 
slow sand filters the top layer of sand 
is scraped off at intervals until it is 
necessary to clear and refill the sand 
bed. 

There is another fundamental dif 
ference between slow sand and rapid 
filters. In the former the rate 
of water through the filter 
4 to 6 mil gal per acre 
per day. In rapid sand filters the 
rate of flow through the filter is 
from 125 to 250 mil gal per acre 
per day or 2 to 4 gal per sq ft per 
min. Older practice used the lower 
rate but modern practice where the 
prepared better, higher 
used. 


gravel, 


{see 


sand 
ot flow 
is usually 


water is 


rates are 


Media 

Sand, or quartz granules free of 
lime and magnesium carbonates, is 
the most common material used in 
filters. The size of the sand grains 
is frequently stated as “effective size” 


by GEORGE E. SYMONS, Ph. D 


tant & Technical Editor, Larchmont, N 
in millimeters. Effective size is that 
size sieve opening through which 10 
per cent will pass and 90 per cent 
be retained. Effective sizes usually 
are 0.35 to 0.50 mm. Inasmuch 
this effective could be 90 per 
cent large grains and 10 per cent 
small, a ‘uniformity coefficient” is in- 
troduced into sand specifications. It 
is the ratio of the diameter of a sand 
grain just too large to pass a sieve 
that allows 60 per cent of all the 
sand to pass, to the diameter of the 
grain size that is just too large to 
pass through a sieve which will pass 
only 10 per cent of all the sand. The 
uniformity coefficient should be 2.0 
or less. 

\ less confusing method of speci- 
fying filter sand size was proposed 
by Thos. Riddick, Consulting Engi- 
neer of New York. This specifica 
tion is shown in the accompanying 
table. 


as 


size 


Vs 


In the slow sand filters these par- 
ticles tend to be removed at the sur- 
face the sand. A thin layer of 
gelatinous organic matter, bacteria 
and floc collects on the surface of 
the sand and this layer, termed a 
“schmutzdecke” acts as a fine pored 
filtering mat and is the principle 
factor in filtration in the slow sand 
filter. 


of 


Operating Factors 
Loss of Head: The total depth of 


filtering media in a rapid sand fil- 
ter is about four feet and the water 
level above the sand is usually main- 
tained at 4 to six feet above the 
sand surface. Thus the difference 
between the water level in the filter 
is from & to 9 feet. In other words 
the available head to water 
downward through the filter 1s 8 to 
9 feet. 

Frictional resistance to the move 


force 





Filter Sand 


Number 
U.S. Series 


Equivalent 


Opening 
mm 


Specification (After Riddick) 


Retained on Sieve 
Min Max 
Percent Percent 





Within the past two decades, other 
media has been suggested for rapid 
sand filters, in particular, granular 


anthracite coal. Diatomaceous earth 
is used in the filter-aid filters, but 
since this is an entirely different type 
of filter, it will be discussed later. 


Principle of Filtration 


The purifying action of a sand 
filter is both physical and colloidal 
in character. Obviously, the particles 
removed are smaller than the open- 
ings or ways between the 
sand grains. These particles, turbi- 
dity, bacteria, and floc are caught 
and held in two ways. Sand grains 
gather a negative charge as slightly 
alkaline water passes and positive 
colloidal particles of floc are attracted 
to the surface of the sand grain. Sec- 
ondly, small particles and_ bacteria 
adhere to sand particles and others 
are held back as logs caught in a 
log jam. Most of the filtering action 
takes place in the top few inches of 
a rapid flow sand filter 


passage 


the filter 
causes a head. These fric 
tional factors include size of sand 
grain, depth of sand and gravel, type 
of underdrain system, and clogging 
due to dirt and floc particles on the 
surface of the sand and between the 
sand grains. 

Filters are usually designed 
that the loss of head in a clean fil 
ter is not more than 1 to 2 ft. Sev 
eral types of filter bottoms have been 
designed to minimize the loss of head 
due to that factor. 

The longer a filter operates, the 
more dirty it becomes, with a con 
sequent increase in head. 
When the loss of head reaches 8 to 
10 feet, a filter has reached its ef 
fective capacity and should 
washed. Guide to the need for wash- 
ing is the loss of head gauge. If the 
loss of head exceeds the total head 
available, a partial vacuum (i.e. neg 
ative head) exists in the filter and 
air binding will result. 

Rates of Operation: Rapid sand 
filters are designed to filter water 


ment of water through 


le SS of 


SO 


loss of 


be 
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THE ANTHRACITE EQUIPMENT CORP. 


Anthracite Institute Building 


WILKES-BARRE, PENNA. 


ANTHRAFILT — an Improved Filter Medium 


Trade Mark Reg. U. 8. Pat. Of 


Address sales and technical inquiries to 


Palmer Filter Equipment Company, 822 E. 8th St., Erie, Penna. 


Anthrafilt and Its Application 


Anthrafilt is made from a selected Pennsylvania anthracite 
This 


hydraull 


which has been cleaned so as to have a minimum ash 


cleaned anthracite is then screened and classified 


1 


cally to yield sizes suitable for filter purposes 


Anthrafilt is used as a hanical place of 


in all kinds 


mec aggregate in 


, , 
sand and gravel filters, i.e 


Rapid gravity filters Slow filters 


Swimming pool filters Pressure filters 


Hot 


Cold 


Oil removal filters 
Alkali filters 

Acid filters 
Sewage sludge-bed 


Household 


process filters 


pre 
Mechanical sewage 


soltening 
cess softening filters 
filters 
filters 


Revolving screen 


Portable filters filters 
filter Anthrafil 


nthrafilt 


bed may be 


the 


| he ¢ ntire 


arious sizes or only 


top layer 


the usual bed of 


gravel 


Advantages of Anthrafilt 


to 200 | 


Anthrafilt without sacrifice of 


Rates up 


High Filtration Rate: 
wit 


mga 


effluent qu 
cepted average rate with sand is 125 mgad 


irregular 


Long Filter Runs: I 


with algae or other fibro 


less clogging 


neuvUIAr Lram 


of 


surfaces provide r entrappir 


greate 
bacteria he 


removal turbidity and differ 


grav grain 
back the 
to be active in the filter operation 


e and specific ity ot he by decreasing 


classification 
the filter bed 
Low Wash Water Costs: 
quent less frequent washing and the low degree of packing 


back the 


after washing, allow whole dept 


The long filter runs and conse 


combine to usual wash water 


half 


after washing cut 


requirements at least in 


1 


Lime wil 
Anthrafilt but this coating readily flakes off without 
Man 


lime 


No Cementing with Lime, Manganese or Iron: 
coat on 
any cementing action if filters are properly operated 
Anthrafilt the 
are easily removed by back washing 


ganese and iron salts precipitated on by 


tre 


itment 


50% expansion is obtained wit! 


High Degree of Expansion: 
half the back wash velocity required for sand 


Coarse Sizes Can Be Used: The 


the 


irregular shape and natural 


filtration characteristics permit use of much larger sizes 


with equal results 


Gravel Beds Stay Flat: No ridging or mounding and less 


cracking and pulling away from side walls during operation 


Low First Cost: Lighter weight per unit volume balances 


e cost differential between Anthracite and sand and saves 


yn freight and handling charges. 


Filtration Characteristics 


Anthracite granules are irregular shaped and of varying 


densities. Weights run about 53 pounds per cubic foot as 


against 100 pounds for sand. The irregular shapes provide 
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greater porosity resulting in more rapid filtration with no 
loss in character of effluent and with considerably less loss 


of head. 


The variable densities of Anthrafilt particles cause less classi- 
fication after back washing and the lighter, irregular shapes 
allow easier expansion and more effective cleaning. 

The greater bulk of Antlrafilt requires 
er bed. Attrition losses amount to less than 0.25% per year 


less tonnage per 


Anthrafilt successfully lime, iron and manganese 
salts and will not form a permanent coating under proper 
conditions of treatment and filter operation. Lime flakes off 
sut cementing and the iron and manganese salts 
Oil is easily removed 
coagulation ferric sulphate, 


Anthrafilt can also be used for the 


removes 


witl 
readily removed by back washing. 


boiler water after with 


ous sulphate or alum 
etic 


nsoluble in alkaline waters, Anthrafilt produces 


and sulphuric acids and caustic soda solu- 


‘+r in hot process water softening. 











Upward impulses of water produces greater agitation of angular 
grains, hence Anthrafilt beds are cleaned more effectively. 


is usually made in sizes ranging from effec- 
m. to m.m. the 
ll sizes. We can 


but for special cases only 


80 uniformity coefficient is 


make smaller sizes or 
The remaining sizes 


filt are as follows: 


A nthrafilt—3/32”x3/ 16” 
Anthrafilt—3/16"x5/16” 
Anthrafilt—5/16"x9/16” 
Anthrafilt—9/16"x13/16”" 
Anthrafilt—13/16"x1-5/8” 
Anthrafilt—1-5/8"x2-7/16” 


20% 


2 
No. 3 
No. 4. 
No. 5. 
No. 6. 
No. 7. 


The above sizes have tolerance 


ANTHRAFILT ECONOMY 


When Used in Existing Filtration Plants 


Increased capacity with same plant 
De 


Lower 


volume of wash water 


creased 


maintenance cost through elimination of ridging, 


ling and air binding. 


When Used in New Filtration Plants 


Lower plant investment 
ywer cost per cubic yard 
Lower wash water costs 


Lower maintenance costs 





at 2 to 4 gal per sq ft per min. Mo 
dern practice leans toward the high 
but whatever the rate, it 
practice to maintain the fil 
constant throughout 


washings 


er rate, 
is the 
tration rate 
filter run, 1. 

Since a gradual increase in loss ot 
head 
f rate of 


between 


means a ase accordingly 
mechat ical 

to keep the flow 

set rate. This 

plished by open 

proportionately 

increases Rate 
essentially 


11 ire 


filter just washed may not be very 
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good, 

Modern equipment 
filter washing work out of the 
of the operator. With an automatn 
control needs only to be 


warned 4 


now takes the 


hands 


system 
that the loss of 
he maximum desirabl 


heac lad 


1 
1 
a button 


auton 
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time the loss of head requires it until 
there is no more than 2 ft of sand left 
in the filter bed. Then 6 to 12 inches 
of clean sand are added to bring the 
sand bed to its original depth. 
Filter-Aid Filter: This filter con- 
sists of a layer of finely divided pat 
sited 
membrane which 
l The size of the pat 


upon a porous sup 


serves as 


that the pores or open 


them are ultra-micro 


between 
When water is passed through 
ended matter, bacteria 
n the 


common 


r] surface and 
filter 


filters 1s 


most 
used in these 
us earth and these 
diatomite filters 


uid filter, a 


filters 


evlindri 
divided into two compart 
, 


plate 


containing a num 
into which porous cylin 
are set. These tubes are 
end and have the open 
in the plate and facing 
Water en 
compartment and 

h_ the tubes 
] 


which is deposited a fil 


partment 
filtering 
or “precoat” layer of dia 


tenth inch 


filter aid particles 


earth about one 
Since the 
roscopi and the pathway he 
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iuller, Ttoretgn matter 1s 


the filtering mat 
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effective filter 
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proportion to rate ol 
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pressure 

air cham 

\ ilve 1S closed 

quick-opening back wash drain 
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suddenly which 
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literally blasting the 
The filter is then 
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Modern civilization is placing an increasing burden 
on those responsible for supplying greater and greater 
quantities of pure water for home, recreation, and industry. 
The dependability of the mechanical equipment charged with 
the responsibility of unfailing operation is a consideration 
which continues to pay big dividends over the years. 


You can depend on Roberts Filter. 
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Diatomite Filtration 


id YOU have been too busy the last 
few years to do much reading 
about this latest advancement in liq- 
uid filtration, this brief review may 
help you understand diatomite filtra- 
tion as it is known today. 

The diatomite filter (Fig. 1) is a 
straining unit, using diatomaceous 
earth as a filter membrane to remove 
materials in suspension in liquid. 

What is diatomite? Geologists say 
it is the siliceous shells of tiny di- 
atoms that once grew in great pro- 
fusion on the earth. It has been said 
that there are some 10,000 different 
shapes (see Fig. 2) These diatoms 
form a very large deposit in Califor- 
nia, where they lived some 5 to 20 
The chemists tell 
89.7% 


million years ago 
us these diatom skeletons are 
silica. Fig. 2 is a micro-photograph of 
Johns-Manville’s “Celite,” one of the 
diatomites. 

To the engineer, this material has 
a physical appearance of white face 


by CONRAD E. LAWLOR, 


Enar Genera! Filter C Ames, lowa 


powder or finely milled white flour 
It is very light and has great bulk per 
unit weight. Less than a half pound, 
(210 grams), has a surface area 
equal to the area of a football field, 
(45,000 sq. ft.). 

Diatomite filtration has been prov- 
en by industry through years of use, 
but it has been only in the last eight 
years that the diatomite filter could 
be produced in quantity for filtration 
of water at a low to compete 
with sand filtration. Credit goes to 
the Armed Forces for first designing 
and using these filters during World 
War II. They were made to furnish 
potable drinking water under all field 
conditions, Small size and high filter- 
ability has now made them standard 
equipment with the U.S. Army. Or- 
ganisms such as amoebic cysts and 
blood flukes could not be removed 
by rapid sand filtration. The diatom 
ite filter does this job, even at high 
flow 


cost 


rates. 


Diatomite Filter 





Filter Element and Membrane 

In using diatomaceous earth for fil- 
tering liquids, it is necessary to use a 
filter element (Fig. 4) upon which a 
membrane, or filter cake, of the di- 
atomaceous earth can be built. The 
particles of the filter aid must form 
a rigid skeleton or fine lattice struc- 
ture on the filter element. This is 
capable of capturing the gelatinous 
or fine particles of the unfiltered liq- 
uid and yet leave passage-ways in the 
filter cake through which the liquid, 
freed of suspended matter, may pass 
at a rate and under such pressure dif- 
ferential as is economical. Fig. 3 il- 
lustrates these points, and it becomes 
obvious that proper design of the fil- 
ter element is most important. It is 
correctly said that the element is the 
heart of the filter. 

Hydraulically there are but two 
ways to filter liquid, namely by posi- 
pressure; or, by negative pres- 
However, the vac 


tive 


sure, 1.€., suction 
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Fig. I—DIATOMITE FILTER during filtering operation 
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filter is handi- 
runs between 


diatomite 
short 


uum type 
apped by its 


bac k wasl es 


The Filter 


pressure type diatomaceous 
] consists of a number of 


Fiq. 2—DIATOMITE ("Celite” 512) 


under microscope 


filter elements suspended 
late within a pressure vessel 
s. 1 and 4). The elements 
the characteristics of being 
sion resistant, and must 

| easily clean during back 

t of the filtering run, 

$s are given a thin coat 

us earth, (called “pre 
by introducing a 
earth into the filter m 
recirculating the water 
This coat of di 
earth is the filter media 
plishes the filtering re 
nd filters, the dirt accu 
the filter media, likewise, 
head through the media 
his oper 


nutes 


serves as the 
to when it is time to 
ilter 
or backwashing, is 
by surging the liquid 
veral times through the 
the point of backwash dis 
\ quick 


ft sick 


opening valve (see 
is used in this opera 
i minute or two 1s re 
" ipletely clean the filter 
pes of elements, becaus« 
tendency to plug with the 
quire compressed air to 
Most 
wound elements now 


recot nd an air bump to clean the 


leaned manutac 


element Some elements made of a 


more flexible material such as woven 
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Fig. 3—FILTER ELEMENT in cross section 


116 


cloth, lig. 4) are more easily 
cleaned because of their ability to ex- 
pand and contract with the flow of 
is similar to the action of 


clothes in a 


tsec 


water It 
washing washing ma 
chine. 
Diatomaceous earth filters have 
been successfully used for a number 
of years in the sugar industry, and 
for claritying ale, varnishes, beer, 
wines, soaps, dry cleaning fluids, and 
many other liquids. It is 
ployed to remove oil from condensate. 
The most recent employment of this 


equipment has been for filtration of 


also em 


swimming pool water. The sparkling 
clarity achieved with diatomaceous 
filtration, and also its 
and lower cost, have made it increas 


compactness 


ingly popular 

Cost of this equipment usually runs 
a little lower than pressure filter in 
stallations of comparable capacity. 
Installation space is approximately 
one-third that required for pressure 
sand filters. Cost for chemicals, water 
and filter-aid is estimated to be com 
parable to the cost of operating sand 
filters 

Great care should be 
lecting the filter for any given job. 
This is true because so far this meth 
od is in its infancy and, in fact, there 
are relatively few people who have 
had wide experience with diatomite 
filtration of liquids outside the labo 
ratory. The new method is not a 
“cure-all” and diatomite filter plants 
should be carefully and conservative 
ly engineered by experienced person 
nel in order to avoid prejudice against 


taken is se 


precoat ; 


ake ff 


this method through misapplication. 
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Taste and Odor Control 


ASTES and odors in water sup- 

plies are caused by either algae, 
decaying leaves and vegetation or by 
sewage and industrial wastes. Algal 
tastes are most prevalent and annoy 
ing 

Odors are determined by the 
“Threshold Odor Test” in which the 
odor is evaluated by smelling samples 
of water diluted with various amounts 
of odor-free distalled water. The 
Chreshold Odor Number equals the 
volume of odor free dilution water di- 
vided by the volume of odorous water 
in that dilution above which the odor 
cannot be detected. A hot threshold 
number of more than two can usually 
be noticed by consumers. 

Tastes and odors caused by algae 
be controlled in 
treatment by the use of 


can two ways: (1) 
Preventive 
copper sulfate added to kill off the 
algae before their concentration be 
comes great enough to cause severe 
odors and tastes. (2) Corrective treat 
ment to remove or destroy odors al 
ready formed. The latter treatment 
includes aeration, chemical oxidation 
with chlorine dioxide, ozone or chlo 
rine, and adsorption by activated car 


bon. 


Chemical Treatment 


treatment, 
treated 


dioxide 
solution is 


In chlorine 
sodium chlorite 
with a chlorine solution to produce 
chlorine dioxide (Cl lo), a 
oxidizing agent, soluble in water. A 


strong 


proportioning chemical feeder is used 
for the sodium chlorite solution and 
a chlorine gas feeder for adding the 
chlorine 
is used to mix the two solutions and 
produce the chlorine dioxide Che 
mixture from the generator is dis 
charged into the water to be treated 
It is the practice to add chlorine in 
a ratio of 1 part chlorine to 2 parts 
sodium order to assure 
enough chlorine to lower the pH to 
3.5 at which value chlorine dioxide 
is produced, Chlorine dioxide 

also be generated by adding sulfuric 
acid to sodium hypochlorite and add 


ing this mixture to a sodium chlorite 


A special generating column 


chlorite in 


may 


solution 

odor control 
apparatus 
which 


Ozone for taste and 
a special 


Air, 


removed, is 


is generated in 
called an ozonator from 
all moisture is 
through the tubes of the ozonator and 
subjected to a high voltage brush type 
\pproximately 


passe d 


electrical discharge 
one per cent of ozone is produced 
[he ozonized air is discharged into 
the water under through 


a diffuser system. The ozone oxidizes 


treatment, 


the taste and odor compounds, Some 
difficulties may be experienced with 
this treatment as ozonation sometimes 
fixes certain tastes and and 
actually prevents their removal from 
the water. 

The treatment of water 
rine for the removal 
odors is discussed in Section \ 


odors 


with chlo 


of tastes and 


Activated Carbon Treatment 


most popular corrective 


By far the 
treatment is adsorption using acti 
vated carbon as the adsorbent. Acti 
vated finely divided 
carbon with a highly adsorbent sut 
face which will attract and hold these 
taste and odor compounds. Pow 
dered activated carbon is most pop 
ular although granular carbon is used 
in beds in small installations 

Extremely small particles give a 
greater degree of surface exposure 
and the porous structure of activated 
carbon adds to this surface. It has 
been calculated that a single cubic inch 
of activated carbon has a total ad- 
sorption surface of 10,000 square 
yards. The fineness of the particles 
makes it possible to disperse the acti 
vated carbon throughout the water 
and for it to remain suspended tor 
some appreciable period of time. 


carbon 1s a 


Che adsorptive capacity of acti 
vated carbon is rated by its ability to 
adsorb pure phenol. The phenol value 
of a carbon is that amount of acti 
vated parts per million 
necessary to reduce phenol concentra 
tions from 0.1 ppm to 0.01 ppm. Car 
bons with a phenol value greater than 
seldom acceptable for water 


carbon in 


30 are 
treatment. 

Powdered activated carbon is very 
divided and tends to be dusty 
lo prevent dust it is 


hnely 
when handled. 
fed from specially adapted chemical 
feeders, or it is mixed with water 
and fed as a slurry 

lhe most popular point of applica 
tion is prior to coagulation although 
it may be added after coagulation 
[t is always added prior to filtration. 
When added ahead of coagulation 
higher doses are possible without ad 
versely affecting filter runs, and at 
that point it will stabilize sludge in 
the settling basins. 

Some operators like to add acti 
vated carbon just ahead of the filters 
but the must not be 
enough to decrease filter runs appre 
ciably, and care must be used to pre 
vent carbon passing through the 
filters 


1 


dosage high 


The use of other chemicals also in 
fluences the point of carbon applica 


tion and the amount of carbon re- 
quired. If pH adjustment is prac- 
ticed, the carbon should be added 15 
to 20 minutes before the addition of 
lime or ash. Activated carbon 
should never be added with chlorine at 
the same point as the carbon will ad- 
sorb some of the chlorine and reduce 
its disinfecting power. These chemi 
cals should be added at least 15 min- 
utes apart in the treatment works. 
Which one should be added first de 
pends on the local situation and con 
dition of water being treated, but 
generally the carbon should be addec 
irst since it will remove odors which 
may be emphasized by chlorination. 


S< da 


The amount of carbon to use 


is determined by laboratory tests 
using odor free water and may run 
from 20 to 40 Ib per mil gal Where 
laboratory facilities are not available, 
carbon dosage determined by the “hit 
or miss” method, may be either over 
or under that actually required. The 
best method of determining t* 
amount of carbon to add is to utilze 
the Threshold Odor Test. Samples of 
raw water are treated with increasing 
amounts of activated carbon in a 
technique similar to the coagulation 
jar test 
with other chemicals which are used 
in the plant, in the same order and 
used in the 


ach sample is also treated 


time 
plant. The threshold odor number is 
determined on after 
treatment. The amount of carbon used 
to produce the desired threshold odor 
number in the samples, is used as a 


samme sequence as 


each sample 


guide to the proper dosage of acti 
vated carbon in the plant 

Since activated carbon accomplishes 
better results in plant practice than 
on small scale laboratory tests, it is 
to develop a relation be 
results and plant 
scale dosage. Sometimes as little as 
one half or one third of the laboratory 
indicated dosage is actually needed in 
plant operation. 

Activated carbon has also Seen used 
effectively to control algae growths in 
small reservoirs and _ sedimentatior 
tanks. Using the blackout technique 
activated carbon is added in sufficient 
quantity to penetration 
of sunlight into the water. Without 
sunlight, algae growth is minimized 
This treatment is used only on sunny 


necessary 


tween laboratory 


prevent the 


days 

Studies at St. Louis County Water 
Co. indicate that approximately one 
fourth pound of activated carbon will 
blackout 1000 sq. ft. Carbon added it 
this manner reduces the amount re 
quired for taste and odor removal i 
the treatment plant. 
W.&S. W. 1956 
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Taste and Odor Control in Small Water Plants 


How the operator can solve problems caused by algae 


t and Bacteriologist 


"Ene difficulties attributable to 
algal growths constitute a peren- 
nial problem to the operators of 
treatment plants using surface 
waters as a source of supply. Each 
these troubles must be over- 
come or endured. It is well to take 
stock, from time to time, of the pre- 
ventive or ameliorative techniques 
that are available to minimize the 
plant difficulties and the public com- 
plaints arising from this recurrent 
phenomenon. In this paper, the sub- 
ject will be considered particularly 
from the point of view of the small- 
plant operator who does not have 
advice at his im- 
who is eX- 
nevertheless, to know at 
possible courses of treat- 


yea! 


technical 
disposal, but 


expert 
mediate 
pec ted, 
least the 
ment that may be applicable to his 
Situation, 

rhe operator of a plant subject to 
algae troubles should make an effort 
to acquire some knowledge of these 
organisms, Of the many hundreds of 
algae species that occur in appreci- 
able natural waters, 
comparatively few—perhaps a dozen 
or a score, at most—are regular 
causes of treatment plant difficulties. 
It is possible to learn to identify 
these with only a little training, as 
one learns to recognize the common 
wild plants and animals of the micro- 
scopic world. Simple counting meth- 
ods can be used to indicate roughly 
whether the population density of 
an algal species is great enough to 
account for the operational difficul- 
ties that may be experienced 

lraining of this nature is one of 
the most obvious advantages accru- 
ing from attendance at short schools 
for water works operators It is 
highly desirable to know and recog- 
nize the causitive organisms rather 
than to treat blindly the symptoms 
observed in the plant. Some of the 
objectionable symptoms that are 
usually the effect of algae may occur 
in the complete absence of the or- 
ganisms. It is evidently futile to 
take measures directed against algae 
if they are not the source of the 
difficulty 


Che two 


numbers in 


effects of 
are inter- 


most serious 


algae in water treatment 
Mr Mat esor irticle is reprinted from 

JAW W.A., Vol. 45, p. 1238, by permission 

of the Association 
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By D. H. MATHESON 


Hamilton Filtration Plant, 


ference with filtration and produc- 
tion of objectionable tastes and 
odors. The filter difficulties are gen- 
erally due to a rather limited group 
of filter-blocking diatoms, although 
a few other organisms are occasion- 
ally present in sufficiently large 
numbers to be troublesome. The 
tastes and odors are caused by a 
wide variety of algae, the intensity 
and quality varying with the species 
concerned. Many organisms, espe- 
cially the blue-green algae, produce 
more offensive odors when dead and 
decomposing than when alive. 


Control of Algal Growth 


Where the source of a water 
supply is a moderately sized body of 
stored water, either natural or arti- 
ficial, direct chemical or biological 
interference in the cycles of growth 
of objectionable algae may often be 
advantageously undertaken. These 
control measures include reduction 
or limitation of the nutrient supply 
available to the organisms for their 
multiplication, the alteration of the 
physical conditions of the environ- 
ment, such as the reduction of light 
intensity, and the planned destruc- 
tion of algal populations by the use 
of algicidal chemicals. 

The quantity of algae produced by 
a body of water—its productivity— 
depends on, among other things, the 
store of plant nutrients available to 
the organisms. These nutrients are 
contributed to the water from three 
main sources: the influent streams 
and the drainage from agricultural 
land; the addition of treated or un- 
treated sewage; and the re-solution 
of mineralized nutrients from the 
decaying organic detritus on the 
bottom. 

The access of nutrients in the in- 
fluent streams and land drainage 
cannot be controlled unless the whole 
watershed can be managed and con- 
trolled as a unit. When this is pos- 
sible, as it often is with watersheds 
in isolated, sparsely populated areas, 
significant limitation of plant food 
supplies may be achieved. 

Domestic sewage contains large 
amounts of plant nutrients, particu- 
larly nitrogen and phosphorus, and 
may be expected to stimulate algal 
growths in the receiving waters 
Ordinary sewage treatment does not 


Hamilton, 


Ont. 


remove appreciable quantities of 
these nutrients. Processes specifical- 
ly designed to effect such reductions 
are of considerable interest at pres- 
ent. 

Of the elements essential for algal 
growth, phosphorus is the one which 
is present in the waters in the small- 
est concentration, and which is there- 
fore the one most likely to be de- 
pleted by algal growth, thus limiting 
the total algal crop. Sawyer’ has 
recently pointed out that the phos- 
phorus content of domestic sewage 
has probably doubled in the last 6 
years, owing to the phenomenal 
growth in the use of synthetic-deter- 
gent compounds that contain much 
phosphate. It is quite likely, there- 
fore, that sewage additions to water 
supplies will become increasingly 
more effective in causing large 
growths of algae than heretofore. 
Every care should be taken to mini- 
mize the access of nutrients through 
this agency. 

Waters that are naturally high in 
nutrient level cannot be expected to 
show large decreases in plankton 
growth as the result of the removal 
of additional sources of nutrients. 

In small presedimentation basins, 
control of the proliferation of algae 
may be obtained by restricting the 
entry of light. Covering such basins 
would no doubt be the ideal solution, 
but this is generally not economical 
for those of great size. The use of 
powdered activated carbon to reduce 
the penetration of light was insti- 
tuted in the United States in 1939 
and has attained wide popularity, 
especially throughout the midwest- 
ern states. The application of the 
carbon is quite simple ; the quantities 
required are moderate and inexpen- 
sive; there is slight danger of ill 
effects through overtreatment; and 
some additional advantage may ac- 
crue through the adsorptive power 
of the carbon. There can be little 
doubt of the effectiveness of this 
treatment, as attested by its wide 
and continued use, but there is some 
uncertainty about the mechanism in- 
volved. It appears that the reduc- 
tion of light intensity actually real- 
ized is not sufficient to account for 
the improvements noted in plant 
operation. 





Control of algae by the use of 
algicidal chemicals remains one of 
the standard methods of attacking 
this problem. Copper salts are still 
the only material widely employed, 
but research work is being prose- 
cuted to find new, and perhaps more 
effective and specific, agents, espe- 
cially in the field of organic chem- 
icals. As the algae concerned are 
difficult to culture in the laboratory, 
it should not be too hard to discover 
some means of altering their natural 
environment to prevent their growth. 

Chemical intervention in the bio- 
logical system of the water should 
not be undertaken without due con- 
sideration of all the factors involved 

the severity of the need, on the 
one hand, and the possible disad- 
vantageous consequences, on the 
other. Treatment postponed too long 
may hecome inadvisable, owing to 
the deleterious effects of the release 
of a sizable quantity of organic 
matter after the destruction of a 
large algal population. A copper- 
resistant alga, generally one of the 
Chlorophyceae, frequently develops 
when a diatom population has been 
destroyed, and causes more difficulty 
than the original growth. 

Copper sulfate is the salt most 
commonly used in algicidal treat- 
ments. Copper citrate, in the form 
of a proprietary preparation, appears 
to have some advantages under cer- 
tain conditions, but there is little 
technical information available to 
demonstrate its superiority. 

In relatively small basins, and, 
particularly, in filtered water reser- 
voirs, chlorine has some value as an 
algicide and is effective against or- 
ganisms that have a marked resist- 
ance to copper. The disadvantages 
include the difficulty in applying 
chlorine evenly to large bodies of 
water, the large amount required if 
the water has an appreciable chlor- 
ine demand, the rapid dechlorination 
that takes place when the water is 
exposed to sunlight, and the con- 
siderable danger of causing an in- 
crease in taste and odor through the 
formation of chloro compounds. 
these deficiencies can be 
avoided with chloramine. 

Copper and chlorine together are 
more effective than is either alone, 
and a combination of chlorine, cop- 
per, and ammonia, first used by 
Harold in England in 1934, has 
lately been employed by Smith at 
Richmond, Va., for the control of 
algae and other organisms in open 
service reservoirs and in the distri- 
bution system.’ 

In France, a 


Some of 


process of 
“electrocution” is used for control- 
ling the growth of algae in water 


novel 


applied to slow filters. An a-c field 
of approximately 90 v per inch is 
established between electrodes in a 
narrow channel through which 
water flows at approximately 1 fps. 
The algal cells are killed by the 
passage of the current through the 
water and do not multiply in the 
water on the filters. The process is 
used in one small municipal plant 
and has been proposed for a new one. 


Algae and Filtration 


When the source of supply is a 
river or a large lake, or when, for 
some reason, control of the algal 
growths in the water supply is not 
feasible, the purification plant must 
treat the algae-containing water as 
it comes to the plant. Removal of 
the algae by efficient coagulation and 
sedimentation is the obvious pro- 
cedure, but it is attended with great 
difficulties. 

The addition of coagulant fre- 
quently appears to make filtration 
more difficult, as the natural buoy- 
ancy of the algal cells prevents rapid 
sedimentation of the floc, and the 
filter load is increased. Many have 
reported that continued use of co- 
agulants was practically impossible. 
Baylis and Gerstein’ consider that 
certain algae add toughness to the 
flocculated particles deposited on the 
filter and thus tend to form a tena- 
cious and impermeable mat on the 
sand surface. 

Increasing the coagulant 
sometimes helps to overwhelm the 
buoyant effects of the algae with an 
enormous amount of floc. This 
method is obviously very expensive, 
especially when it is considered that 
water containing algae is usually 
very clear and requires little coag- 
ulant for clarification. It is not un- 
usual to find that increasing the 
coagulant dose does little to improve 
filtration. 

The addition of material such as 
clay to produce artificial turbidity 
aids in sedimentation by increasing 
the density of the floc and has been 
so used on several occasions. Baylis 
has offered the useful suggestion 
that, in waters like the Great Lakes, 
which are saturated with calcium 
bicarbonate, the addition of a small 
quantity of lime would cause the 
precipitation of an additional amount 
of calcium carbonate and econom- 
ically provide a heavy material to 
weight the floc. 

Activated carbon, when added be- 
fore or with the coagulant, is effec- 
tive in producing a more settleable 
floc, as has been demonstrated at 
Chicago.” Utilizing carbon in this 
manner for lengthening filter runs 
is an expensive procedure, but, as 


dose 
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its use is required only for a com- 
paratively short time during the 
year, the annual cost of water treat- 
ment is not unduly increased. The 
convenience of using a material that 
is already at hand, and for which 
feeding and handling equipment is 
already provided, makes it prefer- 
able to clay as a coagulant aid. 

The improved coagulation that 
silica sols provide under certain cir- 
cumstances has been used to a lim- 
ited extent in attempts to remove 
algae. 

The heavier floc produced by co- 
agulation with iron salts makes these 
materials attractive in coagulating 
waters containing algae. Where 
plant-scale experiments have been 
performed, the advantages of iron 
coagulation have usually not been 
great, however, and have been over- 
balanced by the additional cost and 
the difficulties in handling and ap- 
plication. Alum has ultimately been 
found preferable as a coagulant. 

The use of copper sulfate applied 
with coagulants is frequently men- 
tioned as a means of improving filter 
operation. With motile organisms 
or those that tend to disintegrate 
when killed, the treatment appears 
to be effective, but, with diatoms, 
the dead cells do not seem to be re- 
moved by coagulation any better 
than do the living 

Prechlorination generally appears 
to be the most effective method of 
aiding coagulation in the presence 
of algae, particularly when the or- 
ganisms are susceptible to disinte- 
gration by the chlorine. At Windsor, 
Ont., short filter runs caused by 
diatoms were much improved by 
prechlorination, especially when a 
free chlorine residual was produced. 

\lgae-containing waters that are 
to be treated on slow filters are fre- 
quently passed through coarse rapid 
filters first, to remove the greater 
portion of the algal load. In Eng- 
land, a unique process of micro- 
screening has been developed com- 
to pretreat these waters, 
the bulkier roughing 
filters. The screening membrane, 
a stainless steel fabric with aper- 
tures as small as 35 », is mounted 
on a continuously rotating drum, 
through which the water flows. The 
screen is continuously washed with 
approximately 1 per cent of the 
treated water. The larger diatoms 
are almost completely filtered out, 
and the overall removal is better 
when the water contains large 
amounts of suspended matter, be- 
cause the heavy mat formed on the 
screen increases its effectiveness. 
When water supplies are free of 
color and turbidity and require 


mercially 
in place of 
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treatment only for removal of plank- 
ton, microstraining may possibly be 
used alone. 

Sanchis has recently discussed the 
development of diatomite filters de- 
signed solely for the purpose of re- 
plankton from otherwise 
clear waters. 


moving 


Operators of conventional rapid 
sand filters, when treating clear 
water containing only algae, find it 
est to use no coagulant. If the sand 
s not too coarse, most of the dia- 
toms and other algae are removed, 
ind if the turbidity of the raw water 
is not too high, preferably about 5 
ppm, an acceptable quality of output 
maintained. Frequent short 
es are sufficient to remove the 

from the filter, and the use 
»f an above-normal quantity of wash 
water is a more economical way 
of removing the algae than is addi- 
tional chemical treatment. This pro- 
cedure has been used with satisfac- 
tory results at Hamilton, Ont., for 
more than 15 years. The turbidity 
of the filter effluent is kept below 
1 ppm, a concentration that is not 
igh enough to cause complaints. 
lhe wash water used during the 
ilgae season amounts to approxi- 
mately 5 per cent, but, for short 
periods, it has risen as high as 10 
per cent 


Tastes and Odors 


\lgae, living or dead, often most 
conspicuously affect water supplies 
by the production of tastes and 
odors. These vary in intensity and 
in quality from the not too objec- 
tionable fresh-vegetable and aro- 
matic odors of many living algae to 
the highly offensive pigpen odor of 
decaying blue-green algae. As little 
is known about the exact nature of 
the chemical substances in the water 
that are responsible for the produc- 
tion of tastes and odors, progress in 
the development of ameliorative 
treatments has been on a purely 
empirical basis 


an be 


} 
igac 


Chlorination in the usual mod- 
erate dosages generally has the ef- 
fect of intensifying the odors of 
ileae. Hale® attributed this fact to 
the freeing of the “essential oils” 
on the death and disintegration of 
algal cells. Some organisms liberate 
substances that, on chlorination, 
tastes highly medicated in 
indistin- 
de- 


produce 
character and practically 
guishable from chlorophenol 
ived from industrial wastes. 


From the standpoint of palata- 


disinfection of water with 
chloramine is desirable because it 
minimizes the intensification of odors 
and. in general, aids in the removal 


bility, 
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of the odorous substances by acti- 
vated carbon. 

Superchlorination is effective 
against algal tastes and odors in 
varying degrees, depending on the 
algal species, the chemical properties 
of the water, and the peculiarities of 
the individual treatment plant. 
Superchlorination is particularly ef- 
fective against the odor of Synura. 
The odors of diatoms, Anabaena, 
and Dinobryon are reduced, espe- 
cially on long contact, but are not 
completely removed. Superchlorina- 
tion requires much more careful 
chemical control for its successful 
operation than other treatments do, 
and it may produce highly odorous 
nitrogen trichloride in waters con- 
taining a large quantity of albumin- 
oid ammonia. 

Chlorine dioxide is now widely 
used for the control of tastes and 
odors and is very effective in remov- 
ing chlorophenolic odors of indus- 
trial origin. Removal of strictly 
algal odors is accomplished with 
greater difficulty and by substantially 
higher dosages. Chlorine dioxide is 
the most effective treatment for re- 
moving the attributed to 
actinomycetes 

Ozone is the strongest oxidant 
commercially available for water 
treatment plants. It has attained its 
widest use in France, where a total 
of more than 160 mgd is ozonated. 
It is used there primarily for its 
bactericidal properties, but its oxi- 
dizing power for color and odor is 
recognized. The large ozonation 
plant at Philadelphia was designed 
primarily for taste and odor reduc- 
tion, as, in the limited detention 
period possible, it was not feasible 
to control treatment by free residual 
chlorination. Ozone effected similar 
oxidation after a few minutes of 
detention. Ozonation requires much 
more expensive equipment than 
chlorination, a considerable deter- 
rent to its use in the United States 
and Canada, where there is no strong 
aversion to the employment of 
chlorine. Ozone, however, complete- 
ly avoids the danger of intensifying 
odors by the production of chlori- 
nated compounds 

No method of taste and odor 
removal has attained widespread 
acceptance as rapidly as activated 
carbon. This treatment has out- 
standing advantages over chemical 
methods. It is effective, at econom- 
ically justifiable dosages, against 
producing tastes and odors. Thus, 
it is not necessary to determine the 
exact cause and source of the of- 
fending material before treatment 
can be prescribed, whereas other 
methods may be applicable only to 


odors 


a limited class of substances. Carbon 
is simple and easy to apply. Al- 
though dosages of 2-5 ppm are 
usually effective, enormously greater 
amounts can be applied without 
danger of causing serious harm. And 
by no means the least of its advan- 
tages is the fact that its use appears 
to meet with the water consumers’ 
approval, which is seldom accorded 
to other chemicals. 


The principal problem in the use 
of activated carbon is the determina- 
tion of the most economical dose. 
Sometimes very large doses are re- 
quired, amounting even to 100 ppm, 
but these may be justified because 
the need for such treatment is usual- 
ly of short duration. The efficiency 
of carbon treatment depends upon 
a number of factors. Adsorption is 
generally poorer at a higher pH. 
Chlorination may aid or hinder ad- 
sorption, depending on the nature 
of the odorous substance, and carbon 
is usually more effective with chlora- 
mine than with chlorine. In filtra- 
tion plants, carbon may be used be- 
fore coagulation, in which event 
coagulation may be improved and 
the sludge accumulating in the sedi- 
mentation basins stabilized. Carbon 
may also be added after coagulation, 
giving the floc an opportunity to 
remove some of the offending ma- 
terial first. Suspended carbon carried 
to the filters is very effective in the 
adsorption of odors, although some 
shortening of runs may occur. 

Limited use is made of activated 
carbon in water where no filtration 
is provided. At several places in the 
United States where impounding 
reservoirs or small lakes have been 
heavily infested with algae, copper 
and carbon were used to remove the 
growth without producing objec- 
tionable tastes. In Winnipeg, Man., 
up to 2.5 ppm has been used in 
service reservoirs without causing 
difficulties, although higher doses 
are noticeable to the consumer. 


Conclusion 


The regular seasonal pulses of 
algae may cause serious difficulties 
in the operation of water purification 
plants. Although troubles may be 
unavoidable, they should not be 
considered insuperable. The battle 
against algae can be joined at sev- 
eral points. 


The concentration of algae in the 
incoming water may be lowered by 
avoiding unnecessary fertilization of 
the supply, or by interfering with 
the multiplication of the organisms 
by physical or chemical means. Once 
in the plant, the algae can be re- 





moved by improving the efficiency 
of coagulation. Microscreening of- 
fers interesting possibilities. Filtra- 
tion without coagulation, and with 
the abundant use of wash water, is a 
cheap and effective procedure when 
applicable. A variety of treatments 
to combat offensive tastes and odors 
are available. These range from the 
powerful oxidants designed to de- 
stroy the odorous materials chemi- 


cally to adsorbent carbons that re- 
move the offending substances phy- 
sically. 

The deleterious effects of algae 
can be overcome. It is more often 
a question, depending on the severity 
of the conditions, of what expendi- 
ture is justified. 
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Purple vs Methyl Orange 
Alkalinity Titrations 


nist 


ECENTLY there has come on the 

market an indicator known as 
methyl purple, with suggestions that 
it might be substituted to advantage 
for methyl orange in alkalinity titra- 
tions. 

Most chemists know of the unsatis- 
factory behavior of methyl orange as 
an indicator. Its use frequently cre- 
ates a desire for something that gives 
sharper and more contrasting color 
changes ; requires less time; does not 
involve so much indecision and whose 
results are not so dependent upon the 
moods and color-consciousness of the 
individual. 


Table I 


Metuyt Purpte vs MetHyt ORANGE 
(River and Branch Waters) 


Alkalinity-ppm 
Methy! Methy! 


Collection 
Purple™ Orange™ 


Station Date Kind 


(26/50 grab 


1 
1 
5 
4 


“ s 
41 
60 


W hy UID bo 
OD ee ee 


21/50 


wt tae 
N@ONO 


With 4 drops of phenolphthalein. 


By RALPH W. FREY 


Washington Suburban Sanitary C 


Standard Methods for the Exam- 
ination of Water and Sewage, 9th 
Edition, American Public Health As- 
sociation, specify under “Alkalinity 
of Water” and also “Alkalinity of 
Sewage” the use of methyl orange, 


Table II 
Metuyt Purpte vs Metuyt OrANGE 


(Sewage Treatment Plant No, 1) 


Alkalinity-ppm 
Methyl Methy/ 
Purple Orange™ 


Collection 


Sewage Date Kind 


) 


96 92 


Raw 12/5! 4-hr 
“ “ 98 


Primar 
Final 


Raw 
Primar 


Final 


11/16/5¢ 24-hr 


Raw 
Primar 
Final 


11/19/50 24-hr 


Raw 
Primary 
Final 


24-hr 


Raw 
Primary 


Final 


11/26/50 24-br. 


Sewage Treatment Plant 
Raw 11/13/50 grab 
Primary * “ 
r.F.E 


Final 


Raw 
Primary 
r.F.E 
Final 


11/17/50 


(1)—With 4 drops of phenolphthalein 
T.F.E Trickling Filter Effluent 


or its equivalent. Appreciating the 
opportunity that methyl purple might 
offer in replacing methyl orange in 
the alkalinity determination pro- 
cedure strictly comparable titrations 
of sewage, chiefly sanitary, and of 
non-potable waters were made with 
these two indicators. 

The results here presented need no 
elaboration. The end-point carried to 
a distinct purple with methyl purple is 
pleasingly sharp and far superior to 
that of methyl orange. The figures 
given show definitely that methyl pur- 
ple can be substituted for methyl 
orange, a substitution that will prove 
most gratifying. 


Table III 
Metuyt Purpce vs Metuye Oranct 
(Aged Sewage! - Treatment Plant No. 1) 
Alkalinity-ppm 
Methy! Methyi 


Collection 
Purple Orange® 


Sewage Date Kind 
114 
98 


90 


116 
94 
88 


Raw 12 2/50 
Primary - 


Final 


24-hr. 


98 
104 
108 


94 
98 
102 


122 116 
120 114 
120 116 


Raw 
Primary 


Final 
Raw 


Primary 
Final 


(1)—Aged at 22°-26°C in open jar, then made to 
original volume with distilled water. First two 
groups aged 48 hrs.; last group aged 72 hrs. 
2)—With 4 drops of phenolphthalein 
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Chlorine Container Handling Truck 


Adaptation of Light Utility Truck, Specially Rigged for Distributing One Ton Chlorine 
Containers to Up-Sewer Chlorinating Stations 


FHME truck here pictured is a low bed, 
| wheel stake truck regularly used 
service work. It has been 
uipped for the handling of ton contain- 
lorine transported from treatment 
stock to up-sewer chlori- 
Advance arrangements 
utilization of the equipment required 
nge at the Hampton Roads Sanita- 
ct Commission's Boat Harbor 
Treatment Plant, where a stock 


or syster 
i 


Ss ot cl 


lant container 


I 
ec 
e 
{ 

| 


ating stations 


LIGHT utility low-bed truck equipped to handle ton chlorine containers 


ntain 


me 20 containers can be main- 
swing hoist equipment was 
At the three up-sewer pump- 
here chlorine is applied, the 
backed into position for 

\ fence has been con- 

1 the cylinder storage area 


the truck for such chlo- 
andling consisted of the 
winch was bolted to a 

ring plate and mounted at the 
f truck bed. Winch handle was 

1 and a side steady-bearing pro- 
right edge of truck bed. 

t “ x 6” boards were 
side of the bed to give 


A one man operation 
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By FRANK H. MILLE 


Hampton R 


even spread bearing for the container, 
and built up stops were bolted in place in 
position giving best weight distribution 
on truck. Pin stops are provided behind 
the container to hold it in place—(see 
close-up view) 

(3) Skids were constructed of 6” x 8” 
heart pine 12’ long, the truck ends of 
which were supported and attached to 
truck bed by heavy (%4” x 2%") strap iron 
hangers. These straps were carried about 


(6) For transportation of skids a rack 
was built up just behind the cab so that 
skid hangers could be inverted, hooked in 
place and suspended over cylinder during 
haul. 

In operation the chlorine container is 
placed at bottom end of skids, with one 
or both ends on small block so that the 
loading sling can be pulled under the 
cylinder. Sling yoke is then attached to 
dead men. Then by turning winch cylinder 





+ k ar 


2, along the bottom of the skids and 
bolted in place, bent up along the truck 
end of the runners and over to form han- 
gers, which can be hooked into the bed 
tail channel. This channel was reinforced 
with 4%” plates to assure adequate sup- 
port 

(4) Dead men ties were bolted into bed 
tail channel for fastening two sides of 
spread sling 

(5) Wire rope 6”) was constructed 
with spread V yoke to attach to truck bed 
with V being terminated in a single strand 
at about 8’ from truck bed tail channel. 
This V_ sling res stability at upper 
position of cylinder on skids and until 
cylinder is far down skids to 


assure steady bearing on both skids 


assu 


enough 


h and 





TRUCK loading or unloeding sequence 
ch and load 


with wir 





ntainer 


is rolled up the skids and on to truck bed 
On this flat surface it is readily rolled into 
position on bed by hand. Although two 
men usually work together, it is possible 
for one man alone to carry out the entire 
operation with no heavy lift or pull re- 
quired 

Unloading is merely a reverse of this 
procedure, with the placing of cylinders 
largely controlled by positioning of truck. 


Most of the equipment used was sal- 
vaged from odds and ends on hand. Fab- 
rication was effected in the Commission’s 
shop, with only about one man-day being 
required for the work. The original idea 
for this equipment was that of John D. 
Coenen 





ng cable of '/2 in. wire rope 





Chlorine Packages 


Development Enar. 
y, Research Chemist, 


Former 


IQOUID chlorine was introduced as 

an article of commerce in 1909, 
and developments in its handling and 
application have progressed steadily. 
Caution has been the watchword, with 
careful attention being paid to the les- 
sons learned through numerous valu- 
able, and sometimes bitter, experi- 
ences. 

It is the purpose of this series to 
delineate, in a practical way, the pres- 
ent day handling techniques which use 
equipment evolved from cautious ad- 
vancement in the art of chlorination. 


Chlorine Packing Units 


Anhydrous liquid chlorine is avail- 
able in packages of several sizes, all 
of which are pressure vessels of steel 
construction and are equipped with 
safety devices. Loaded packages have 
about 12 per cent gas space at 68° F 
to allow expansion of the liquid con- 
tents when exposed to higher temper 
atures. Internal inspection of returned 
packages is routine: outlet valves are 
removed and overhauled after each 
trip and all packages are pressure- 
tested at regular intervals. 


Chlorine Cylinders 


Consumers of chlorine used for 
sanitation are familiar with 100 lb., 
105 Ib. and 150 Ib. packages, properly 
referred to as cylinders. The Inter- 
state Commerce Commission specifi 
cation number, serial number, produc 
er’s insignia, date of last hydrostatic 
pressure test and the tare weight are 
stamped into the shoulder of each 
cylinder. 

Cylinder valves have brass bodies 
and Monel metal stems; these valves 
have been standardized by The Chlo 
rine Institute, Inc. Each chlorine cyl 
inder valve is equipped with a fusible 
plug safety device designed to melt 
between 158° F. and 165° F. (Fig. 1). 

Chlorine cylinders, empty or full, 
should never be dropped or permit- 
ted to strike each other with any 
force. 


Ton Containers 

Liquid chlorine is also available in 
one-ton packages, properly referred 
to as ton containers. The Interstate 
Commerce Commission specification 
number, serial number, producer’s in- 
signia, date of last hydrostatic pres- 


by V. W. LANGWORTHY 


Omega Machine Co 


The Chlorine 


PACKING NUT 
PACKING GLAND 


RING PACKING — 


“OUTLET CAP 


FUSIBLE PLUG - 


FUSIBLE METAL — 





Fig. 1—CHLORINE cylinder valve 


This is the Chlorine Institute standard 
ylinder valve with screwed type fusible 
metal plug s standard 


poured type plug 


There is als 


sure test, water capacity and tare 
weight appear on each container. 

Each ton container is equipped with 
two Chlorine Institute standard ton 
container valves (Fig. 2). Valves for 
ton containers are similar to the valves 
used in cylinders, but they differ in 
that ton container valves have a larger 
internal hole and do not have a fusible 
plug safety device (Fig. 3). Safety 
precautions for ton containers are 
observed by utilizing six fusible plugs 
per container. Three plugs are lo- 
cated in each end of a container, 
spaced 120° apart. The fusible metal 
has been designed to soften or melt 
at a temperature between 158° F. and 
165° F. 

Chlorine containers, empty or full, 
should never be dropped or permitted 
to strike each other with any force 


3] 3/4 TO 82 





. Ce -pPEarec Ane pate whee 
72 STEEL TUBING \ 


Providence, R. |. 
c., New York, N. Y. 


Tank Cars 


The largest common chlorine ship- 
ping packages are single unit railroad 
tank cars of three different capacities : 
16, 30 and 55 tons. These consist 
of a steel tank, four inches of cork 
insulation and an outer steel shell. 
Four angle valves are located in a 
dome centered on the top of the car. 
The valves are constructed of forged 
steel, with Monel stems and seats 
(Fig. 4). Outlet threads of the valves 
are l-inch female standard tapered 
pipe threads. Tank cars have a spring 
loaded safety valve located at the cen- 
ter of the dome. This device is gas 
tight at or below 180 Ibs. pressure 
(gauge), and pops at 225 Ibs. 

Liquid chlorine is unloaded through 
the two angle valves located on the 
axial center line of the tank; eduction 
pipes leading to these valves are fitted 
with rising ball check valves designed 
to shut when the rate of flow of liquid 
chlorine is 7,000 to 8,000 pounds per 
hour. 

Gaseous chlorine may be unloaded 
through two angle valves located at 
right angles to the length of the car 
(on 55 ton tank cars, one of these 
gas valves has been replaced with a 
second safety valve). 

The U. S. Coast Guard has author- 
ized the shipment of chlorine by tanks 
on barges especially designed for this 
service. A few producers make use of 
this means of conveying comparative 
ly large quantities of liquid chlorine. 
This package has not been used in the 
sanitation field. 


Handling Chlorine Cylinders 

(100, 105 and 150 pound capacity) 
Transportation of full and empty 

cylinders usually is accomplished by 








Fig. 2—CHLORINE ton container 
The ton container is equipped with two valves connected to eduction pipes, and has 
three fusible metal plugs in each end. 
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AT SIX PLANTS ACROSS COUNTRY, 
the Jones Company receives tank cars of 
Chlorine, repackages it in cylinders and ton- 
tanks, makes quick deliveries to users in area, 


CHLORINE: 2722t62 coctoad tors 


You get swift delivery—and NO stor- 


age worries—when you turn your 





Chlorine problem over to John Wiley 


Jones Company. Six plants, stra- 


Pick Your Own Chlorine tegically located across the U.S., 
Product and Container stand ready to supply you. 

Order shipments as small as a 
16-lb. cylinder of liquid Chlorine, and 
as large as you want. With this flexi- 
bility, you eliminate storage prob- 
lems. We supply more municipalities 
than all other Chlorine packers 


combined. 
LIQUID CHLORINE CALCIUM HYPOCHLORITE SODIUM HYPOCHLORITE 
In 16-, 105 150-lb> (70% evoilable Chio- Gallons, carboys. 
cylinders and l-ton rine) 3%- and 5-lb. Tankwagon deliveries 
tanks tins, 100-Ib. drums in 1000-3000 gal. lots. 


Quality is exceptional—meets high 
government standards! 
Our trained technical staff will be 








glad to help you solve your Chlorine 





problem. Write for prices. 


JOHN WILEY JONES CO. 


100 Sunny Sol Blvd. 600 Bethel Ave. 2365 Dennis St. 14400 N.E. 20th Lane 

Coledonia, New York Beech Grove Jacksonville, Fla. North Miami, Fic. 

Tele—Coledonic 84, 79, 4 (Indianapolis), Ind. Tele—Elgin 4-5503 Tele—North Dade 6-6288 
Tele— 6-3321 or Dial 81-6-6288 

1904 Border Ave. 

Torrance, Calif Idlewood 1443, 1444 610 MecNinch St. 


a 
| WORTH MIAMI FLA] Tele—Fairfax 8-6383 Charlotte, N. C. 


Tele—6-7790 


CALEDONIA, NEW TORK 


1 


TORRANCE, CALIF 
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truck or rail shipment. In the inter- 
ests of safety, unloading docks should 
be at truck or car bed level. Man- 
handling of cylinders is dangerous 
and use of hand trucks is recom- 
mended. The use of a well-designed 
hand truck, properly balanced, prefer 
ably with a clamp support at least two- 
thirds of the way up the cylinder, is 
considerably more economical than 
the consequence of a possibly fatal 
mishap (Fig. 5). 

A partial listing of firms offering 
hand trucks of this tvpe is the follow 
ing: 

The Fairbanks Co., 
393 Lafayette St., 
New York 3, N. \ 
The 


Lansing Co., 
Lansing, Michigan 


Colson ( orp., 
Elyria, Ohio 

Truck and Castet 

Hamilton, Ohio 


Hamilton Corp., 


Cylinders should be stored in a 
cool place, in an upright condition, 
away from dampness, ventilators, ele 
vators and walkways. Valve protec 
tion caps should be kept in place until 
Never lift 


and do not use 


immediately before use. 
cylinders by the cap, 
a lifting magnet or sling in handling 
cylinders. Cylinders should be used in 
the order they are received, since it 
is possible for old valve packing to 
become dry enough to permit escape 
of chlorine gas. It is desirable to sup 
port cylinders securely during chlo 
rine withdrawal. 

Connection to the cylinder valve 
outlet may be made by either a clamp 
and-adapter (Figs. 6A and 6B) or a 
In either 


surfaces of 


union connector (Fig. 6C). 
case, inspect the inne 
the joining parts and always remove 
old gaskets and foreign material 
When a full cvlindet 


is connected, a 


« ic the Ch e ste andard 
, - ft 
n container valve; it has no fusible 


metal plug. 


Fig. 3—CHLORINE ton container valve 


; 


new gasket of standard material 
should be used. Standard gasket ma- 
terials are 3% antimony lead, or Gar- 
lock 900 or equivalent. 

Open cylinder valves slowly: one 
complete turn of the stem in a counter- 
clockwise (left hand) direction opens 
the valve sufficiently to permit maxi- 
mum discharge. Do not use a wrench 
longer than 6 inches for operating 
a cylinder valve. Leaks may be de- 
tected by holding an ammonia moist 
ened cloth near all connections. When 
this is done, the presence of chlorine 
will be evident if a white cloud (am 
monium chloride) is formed (Fig. 7). 

The practice of compounding cylin- 
ders (manifolding) to 
withdrawal rates entails increased cau 
tion when putting full cylinders in 
service. A precaution to ob 
serve is a check of each outlet connec- 


Increase gas 


good 


Fig. 4—CHLORINE angle valve for 
tank cars 


tion by partially opening and immedi 


closing the cylinder valve to 
that solid 


made 


ately 
insure connections have 
heen 

Consumers removing liquid chlo 
rine from cylinders are cautioned that 
manifolding cylinders for liquid chlo 
rine withdrawal should NOT be at 


tempted. 


Handling Chlorine Containers 
(2,000 pound capacity) 

['ransportation of full and empty 
ton containers usually is accomplished 
by rail. The ton multi unit railroad 
tank car has been developed to meet 
the needs of consumers using chlorine 
in excess of 30 tons per year. The 
car consists of an underframe on 
which are mounted 15 detachable 
containers, each containing 2,000 Ibs 
of liquid chlorine. The car is classi 
fied as a tank car and freight is 








Fig. 5—HAND TRUCK for chlorine 
cylinders 


rat 


charged only on the 15 tons of liquid 
he empty containers on re 
turning travel on a 
freight free movement. It is possible 


chlorine 
underframes 


in certain locations to obtain ton con 

tainers via truck delivery 

using chlorine 
well known: 

connecting and discon 


The advantages of 
trom ton containers are 
less handling, 
necting. The fact does exist, however, 
that ton containers are bulky to han 
dle. They may be handled safely, 
provided adequate equipment is avail 
able for unloading, using and 
re-loading empty containers. 


storing, 
Unloading full containers may be 
accomplished by means of a specially 
designed lifting clamp* (Fig. 8). The 
clamp is used in combination with a 
a jib boom. Ton 
trucked 
area 


hoist on a trolley or 
which 
siding to the 


containers must be 
from the 
should be 
truck and clamped down to prevent 
shifting and rolling. Cradles should 
also be provided in the , 
with overhead hoisting equipment for 
from 


storage 


placed on saddles on the 


storage area 
transporting containers to and 
the scale room (Fig. 9) 

It is good pra tice to store ton con 
tainers in a cool place, away from 
dampness, ventilators, elevators and 
walkways Containers should _ be 
stored on their sides, with valve pro- 
tection hoods in place. Do not store 
chlorine containers in the vicinity of 
combustible or flammable materials. 

\s with chlorine cylinders, it is ad 


visable to use full containers in the 


clam] Ss 1S 
East 5t., 


for these 
3105 


*One source f supply 
Mansaver Industries Inc., 
New Haven, Conn. 
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© 7226 - VALVE BOOY 


?-2047- Hanoue 


?-2049- STEm 


@ &- 25:6- Gagner 


*- 2048 PacrING NUT 
CLEFT HAND THREAD) 


© - 614 - PACKING 


--230~ UMON NIPPLE 


Fig. 6A—CYLINDER VALVE outlet connection 


clamp-and-adapter or 
| 


yoke type connection 


of auxiliary valve 


cylinder valve. 


Never 


devices 


order they are received 
vith fusible plug safety 
Connection to the proper container 
outlet may be either by 
idaptor or a union con 
[ rope r valve depends on 


liquid 


tamper 


valve made 
nector 

vhether 
to be withdrawn ( Fig. 
of the 


or gaseous chlorine is 
10). Placement 
scales must be 
valves are 


container on 


such that the two posi- 


MG 


leak. Never use a wrench longer than 
6 inches for operating a container 
valve. It is usually possible to elim- 
inate a leak around the valve 
stem by tightening the packing nut. 

If the practice of compounding 
(manifolding) ton containers is fol- 
lowed, to increase withdrawal rates, 
increased vignunes must be observed 
in connecting and disconnecting. 


gas 


P- 2947 VALVE HANDLE 


P- 2946 - PACKING WUT 


——_— 


te — 


* * 2476~ GaseeT 


> 230- UNION NIPPLE ~ 


P- 2985- COLLAR 


?- 1947 - VALVE BODY 


= reed yeep VALVE outlet connection 


Thus _ eduction 
pi] vi the container will conduct 
liquid chlorine to the valve 

gaseous chi upper 


tioned vertically 
pipes withit 
lower 


rine to the 


connections, gasket sur 
be thoroughly inspected 
uned, a new gasket of standard 
should be used for each con- 
Outlet threads on the valves 
uiners are NOT tapered pipe 
Make certain that the thread 
and unions are 

is those on the outlet valves, 
rece connections that do 


1 
making 


ipphances 


connection has been 
ontainer valve 
r a possible chlorine 


slow 
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e f the aux liary val 


ous pack 


ve to the chlorine 


When is the Chlorine Cylinder 
or Ton Container Empty? 


observations are commonly 
indicate that chlorine 
rs or ton containers are becom 
ing empty. Loss in weight is the most 
dependable indicator of the amount of 
chlorine remaining in a cylinder or ton 
container. 


Loss in Weight 

Producers and repackagers load 
precise weights of chlorine in the vari- 
ages, and tare weights are 


checked 


Three 
employed to 
cylinde 


Therefore, scales 


conjunction 


carefully 
used by consumers in 
with chlorine feeding should be in 
good operating condition. Close ob- 
servation of weight loss should always 








Fig. 6B—CONNECTION to cylinder 
valve 
Note proper size of (b-in. longa) 
t ghtening yoke amp and opera! 
ing cylinder valve 


wrencr 


be made, and this applies especially 
when approaching the point where a 
change to full packages must be made. 


Pressure Drop 


Two other indicators, while not as 
useful as loss in weight, do serve 
to warn that cylinders or ton contain- 
ers are becoming empty. One is the 
observation that the gauge connected 
to the chlorine gas transmission line 
shows a pressure drop, and the other 
is evidence of a vacuum break (suck- 
ing air) caused by lowering of pres- 
sure in the chlorine supply system. 

Both of these indicators provide 
warning in advance of depletion of 
cylinder or container contents. Note 
that the chlorine gas pressure gauge 
does not measure the volume or 
weight of chlorine remaining. Pres- 
sure exerted by confined chlorine gas 
depends on the temperature : theoreti- 
cally, one pound of chlorine will, 











Fig. 7—TESTING for a chlorine leak 

A cloth or swab moistened with am- 

monia is held near each connection in 
the chlorine gas line. 
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CHEMICAL EQUIPMENT CO. 
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1700 N. Main Street, Los Angeles 54, Calif. 5. Gi: 
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30 YEAR 
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'M SURE GLAD 
CHEMCO CAUGHT ME 


of kéeogiess 
Prices Competitive-Were Scotch-Not Cheap- Theres a Difference! 


CHEMCO in 1955-56 is celebrating the 30th year since its founding by the present owner in October, 1925. Chemical 
Equipment Company of California — trade mark CHEMCO — has become synonymous nation-wide tor “EVERYTHING FOR THE 
SWIMMING POOL.” Therefore, our 30th year Fiesta celebration will extend from May, 1955 to April, 1956. 


4EMCO is not going into ecstaosies about p ndertul virtues t nd spurs, perhops Cossack Sfyle, carrying the per os hop Superin- 
wement, that has survived depressions d rs, mm e trodition tender He represents our shop service mstatiation nc construction 
3 fashion of anniversary blurbs. Bu >) r e ore honoring section, as Shop Superintendent 
employees and departments by the cartoon above, which we 
n pert, below Nex Mac, the only real full-blooded, true Scotsman. Chief Engi- 
md Chief Estimator, he with the shorp pencil indicative of his 
female contingent is represented by our oldest in poir >f rvice rofession, illustrating that oft posed question What does a Scotsman 
beoutiful, Dixie, who guards the treasury and writes the or under his kilt?’ The answer—NOTHING. 
Dixie comes from the South Suh! ond we oricoture her n 
nd the crinoline of the Old Sauth. ond © few corkecres Next is JRM, the writer, President @ Founder @ Legally Sole Owner 
¢ is not the South supposed to be Democratic? @ Sometimes Janitor @ who has spent all his life chasing customers 
Those diamonds shown on my vest front—if | own them—! don’t know 
Seem our machinist, whose first nome is Basil, whose education where they are. But | have, for over 30 years, been more or less 
n R » is equivalent to M.!.T. in this country. His father was “High successfully chasing customers, who | sincerely hope have been satisfied, 
Bras: n the Russion Imperial Railway System. Basil fought with the happy and contented thot JRM sold them. Supplying “Everything For 
White Russians clear across the Siberian Railway to Viadivostok, o The Swimming Pool” should moke them happy as we explain below 
fishing boot the hard way to Seattle. He is coricatured with fur, boots 





CHEMCO’S PLEDGE TO OUR CUSTOMERS 

Chemco will supply the entire purification equipment, deck equipment and underwater lights for 
your swimming pool, under one responsibility and jurisdiction, as simple and foolproof as we can make 
it, not overloading any one piece of equipment, but by taking it all in one lump sum, taking a lesser 
profit on each, but by virtue of taking it all, render you the necessary expert service, correlating the 
equipment so that it functions as it should, which makes a profitable venture for us, and a satisfactory 
installation for our purchasers and users. 
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at a given temperature, exert as much 
pressure as will 2,000 pounds. It is 
emphasized that low readings of the 
chlorine pressure gauge merely indi- 
cate the probability of lowered tank 
contents. 


Vacuum Loss 


On chlorine feeders of the visible 
vacuum type, “bubbling” of air into 
the bell jar may indicate reduced pres- 
sure in the chlorine system. Depend- 
ing on the feed rate, “bubbling’”’ may 
proceed for varying lengths of time 
before a full cylinder or container 
must be placed in service. Chlorine 
feeders utilizing a rotometer, which 
measures gaseous chlorine flow, will 
perform in much the same manner, 
but rotometer readings will tend to 


drop off. 


It will be noted that accuracy of 
chlorine dosage suffers when “bub- 
bling’”’ occurs or rotometer readings 
are unsteady. Changes to full chlorine 
cylinders or containers should be 
made promptly when this condition 
is coincident with loss of weight read- 
ings. It is obvious that economical 
usage precludes efforts to evacuate the 
last traces of gaseous chlorine from 
cylinders or containers. 


Producers of liquid chlorine do 
completely evacuate chlorine from all 
returned packages. This is essential, 
because all cylinders, containers and 
tank cars are inspected internally prior 
to refilling. Another step includes re- 
reconditioning and_ replace- 
valves. 


moval, 
ment of all chlorine 
Empty chlorine cylinders and ton 








Fig. 10—CONNECTED chlorine ton 
container 
Gaseous chlorine is withdrawn from the 
upper valve. See Fig. 2 also. 
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removed from 
as empty 


containers should be 
service immediately, tagged 
and placed in a separate area to pre 
vent possible confusion with full pack 
ages. Chlorine producers recommend 
prompt return of all empty packages 
as well as return of full packages 
considered to be in excess of adequate 
inventory. 

Procedures involved in handling 
liquid chlorine differ from those in 
handling chlorine gas only insofar as 
vaporization is concerned. Liquid 
chlorine is withdrawn from the ton 
container through the lower outlet 
valve and is conducted to an evap- 
orator of the type commercially avail- 
able from equipment manufacturers. 
Vaporization of the chlorine is accom 
plished by heating within the evap- 
orator. The gas is delivered to the 
metering equipment under constant 
temperature and pressure. Visual 
orifice type flow meters may be em 








containers 

; facilitates f 

ne. 

recording 


ployed, with or without 


equipment 


Handling Single Unit Tank Cars 
(16, 30 and 55 tons) 


The necessity for caution in han 
dling tank cars containing chlorine 
has long been recognized by the pro 
ducers and by the Interstate Com 
merce Commission. Accordingly, those 
concerned with safe handling of the 
several tank car must observe 
requirements which appear in sections 
of Agent H. A. Campbell’s Freight 
Tariff No. 8*. Full legal require 
ments which must be met in unloading 
chlorine tank cars may be found in 
Sections No. 74.560 through No. 
74.563 of Freight Tariff No. 8. 

In addition to compliance with 
I.C.C. regulations the consumer, in 
order to assure maximum safety, 


s1zes 


Agent, Bureau 


*Issued by H. A. Campbell, 
New York 7, 


of Explosives, 30 Vesey Street, 
N.Y 
1956 
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MATHIESON QUALITY PRODUCTS FOR 
TREATMENT OF WATER AND WASTES 


TREATMENT OF RAW WATER @ CLARIFICATION OF TURBID AND COLORED SUPPLIES @ REMOVAL OF TASTES AND ODORS @ WATER 
SOFTENING @ STERILIZING NEW EQUIPMENT @ CLEANING SUPPLY EQUIPMENT AND INSTALLATIONS @ EMERGENCY CHLORINATION 


HTH GRANULAR 


The following outstanding properties of 
HTH have gained wide acceptance for the 
product by water works operators and others 
using HTH in water treatment: dependable 
strength of at least 70% available chlorine, 
high stability that maintains the product at 
full strength even after months of storage 
at summer temperatures, low calcium chloride content that 
eliminates hygroscopic tendencies, rapid and complete 
solubility of the active ingredient in water. 
The available chlorine in HTH is in the form of true 
calcium hypochlorite, which is Ca(OCl).. When considera- 
tion is given to the light-weight, non-returnable containers 
in which HTH is shipped, its available chlorine per pound 
of gross weight exceeds that of liquid chlorine in the 100- 
and 150-lb. cylinders. Moreover, its use involves none of 
the hazards that attend the handling and use of liquid chlo- 
rine. It is little wonder, therefore, that water works men 
avail themselves of this convenient, safe source of available 
chlorine wherever practicable. 
The 5-lb. cans of HTH Granular, packed 9 to the case, are 
particularly convenient for sanitization of newly laid pipe- 
lines, isolated water supplies and at locations where trans- 
portation of the chlorine carrier is a troublesome factor. 
For continuous or emergency hypochlorination of water 
supplies, the 100-lb. drum of HTH Granular may be a 
more economical unit. In determining the more desirable 
package, however, consideration should be given to the 
advantage of keeping a product not immediately needed 
in sealed 5-lb. cans rather than in a 100-lb. drum that is 
frequently opened. 


HTH TABLETS 


For convenient handling in many water treatment applica- 
tions, HTH is also available as HTH Tablets. This product 
is simply HTH in the form of compressed, easy-to-handle 
tablets which dissolve slowly and provide a continuous 
source of available chlorine over an extended period of 
time 

HTH Tablets are made wholly of dependable HTH and 
contain 70% available chlorine the same as the time- 
tested granular product, HTH Granular. The tablets are 
stable and dust-free and thus offer an exceptionally safe 
and convenient means of handling, measuring and storing 
available chlorine. HTH Tablets are packed in 100-Ib. 
drums and in cases of twelve 334-lb. cans. 


HTH TABLET HYPOCHLORINATOR 


By use of the HTH Tablet Hypochlorinator 
the convenience offered by HTH in tab- 
let form can be combined with accurate 
metering and feeding of hypochlorite solu- 
tions. This equipment, specifically designed 
by Mathieson to dissolve HTH Tablets and 
to dispense the resultant hypochlorite solu- 
tions, provides a convenient and efficient 
method of feeding available chlorine at rates 
which can be accurately controlled and 
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quickly varied to cover a wide range of operating demands. 
The HTH Tablet Hypochlorinator is of practical design, 
compact construction, and attractive appearance; it is easy 
to install and very simple to operate. Moreover, HTH 
Tablet chlorination eliminates all measuring and weighing 
operations, and requires no preparation of stock solutions. 
The HTH Tablet Hypochlorinator is engineered to give 
long-time reliable service. Initial cost is low, and since 
the unit operates with no moving parts, maintenance and 
upkeep expenses are almost negligible. 

HTH Tablets and the HTH Tablet Hypochlorinator can 
be applied successfully and economically in most cases 
where continuous chlorination is desired. Such uses in- 
clude chlorination of industrial wastes, industrial sewage, 
potable water, ponds, swimming pools and spray towers, 
and the feeding of hypochlorite solutions in dairies, can- 
neries, bottling plants and other food and beverage plants. 


SODIUM CHLORITE 


Chlorine dioxide (C1O.), is produced at the peint of use by 
the interaction of chlorine and sodium chlorite (NaClO.). 
Ihe reaction takes place in a simple mixing chamber or 
solution generator, and the reagents may be (1) solutions 
of chlorine and sodium chlorite or (2) solutions of HTH, 
acid and sodium chlorite. The dilute chlorine dioxide solu- 
tion thus formed is fed directly into the water for taste 
and odor control and for disinfection. 

Mathieson Sodium Chlorite Technical is a dry, flaked ma- 
terial containing 130 per cent available chlorine. It is non- 
hygroscopic, extremely soluble in water and very stable both 
in dry form and in solution. Packed in 100-Ib. drums and 
25-lb. pails. 


SULPHATE OF ALUMINA 
Activated Alum Brand 


Activated Alum—the only alum designed exclusively for 
use in the field of water and sewage treatment—contains 
finely ground natural silicates, providing a free-flowing, 
less hygroscopic product of porous structure and higher 
alumina content. Activated Alum is used and preferred by 
some of the largest municipal water works in the U.S.A. 
Packed in 100-lb. four-ply paper bags. 


PH-PLUS (Fused Alkali) 


A special moisture-free alkali for water treatment, fused 
at 1,800° F. and cast in %-lb. slow-dissolving cakes. The 
cakes have a purity and rate solution particularly desirable 
for pH control of swimming pool water and general indus- 
trial water treatment. Shipped in 100-lb. bags. 


Other Mathieson Chemicals for Water Treatment: 
Soda Ash « Caustic Soda « Liquid Chlorine 
Ammonia e« MHydrazine « Sulphuric Acid 


For complete information and detailed technical data see your 
Olin Mathieson representative or write — 


OLIN MATHIESON CHEMICAL CORPORATION 


industrial Chemicals Division 


MATHIESON Baltimore 3, Maryland 
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should famuliarize himself and his 
employees with the general recom 
mendations of his chlorine supplier. 
Helpful suggestions are contained in 
technical service department chlorine 
bulletins, The Chlorine Manual** 
and published reports from operators 
xperienced in tank car handling. 
Typical of the legal requirements 
which must be met in order to unload 
single unit tank cars 
consumer to: 


chlorine from 


is the necessity for a 


acquire a private railroad siding; al- 


**Copies are available from The Chlorine 
Institute, Inc., 50 East 41st St., New York 17, 


N.Y 


Fig. 1I—TANK CAR angle valve connected to deliver liquid chlorine 


st car end 


low only reliable persons properly 
instructed and made responsible for 
compliance with regulations to per 
form unloading operations ; place cau- 
tion signs so as to warn of the oper 
ation in detach unloading 
lines whenever unloading operations 
are suspended ; have the car attended 
by a responsible person whenever the 
car is connected to an unloading de 
vice; be sure that complete unloading 
is followed by tightening all valves, 
removal of unloading connections and 
tightening of all other closures. 


progress ; 


Producers have made general rec 
ommendations which amplify the legal 
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requirements and provide further 
techniques in safe handling of tank 
car chlorine. Cypical otf these recom- 
mendations are: the derail protection 
of cars being unloaded; limit to 18 
inches of the pipe screwed into a tank 
car discharge valve; use of a pipe 
no longer than 18 inches in 
provi- 


wrench 
making tank car connections; 
sion of a flexible arrangement at the 
tank car end of the discharge line; 
use for chlorine service of extra heavy 
black iron or steel pipe with clean, 
sharp threads; painting of chlorine 
piping a distinctive color (yellow is 
most common) to guard against mis- 
takes in identifying pipe lines; and 
provision of approved gas masks for 
emergency use 

The legal requirements and general 
recommendations cited are admittedly 
incomplete, the intention being to sug 
gest that many precautions must be 
taken in handling single unit tank cars 

and additional procedures are re 
quired to limit sources of potential 
Fig. 11 illustrates details of a 
single 


hazard 
connection 
unit chlorine 
treatment plant 


being made to a 


tank car at a sewage 


Summary 


Packages containing liquid chlorine 
must be treated with the respect which 
they deserve, in order to insure safety. 
It might be said that experience, not 
personal, but the type learned from 
others, is the best teacher of proper 
pre cedures to follow in handling 
chlorine. 
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Chlorination to Restore Aqueduct Capacity 


San Diego finds programmed chlorine application effective and economical 


By LEE STREICHER 


Chief Chemist, Metropolitan Water Distr. of Southern Calif., LaVerne, California 


[ POMINANT among the factors 
which are reflected in the past 
history and which control the future 
growth of southern California is the 
struggle for water. Located in a semi- 
arid section of the United States, this 
region has too little rainfall to provide 
for the needs of its agricultural, in- 
dustrial and urban areas. Only by 
drawing upon the once tremendous 
supply of underground water accu- 
mulated over thousands of years has 
the phenomenal growth of this area 
been made possible. With the continu- 
ing growth in population and indus- 
try, the draft on the underground 
water reserve has increased until it 
now exceeds the replacement by many 
million gallons of water each day. 
Where feasible, storage reservoirs 
have been constructed in an effort to 
conserve and utilize to a maximum 
the limited and variable water sup- 
plies available from the upland and 
mountain streams. These have long 
since proved wholly inadequate to 
meet the constantly increasing de- 
mands for water. Even in San Diego 
County, where for many years the 
waters impounded during wet seasons 
provided satisfactorily for the de- 
mands during subsequent dry periods, 
the present use of water is about 25 
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per cent greater than the safe yield of 
these impounding reservoirs. 


The only logical solution to this 
problem lay in the importation of suf- 
ficient water from a dependable, ade- 
quate and reasonably close source to 
provide for present needs and those 
of the forseeable future. The Colo- 
rado River was such a source. 


Metropolitan Water District 
Formed in 1927 


In 1927 the Metropolitan Water 
District Act was adopted by the 
California legislature and in 1928 
the Metropolitan Water District of 
Southern California was organized to 
bring in the water of the Colorado 
River. The voters of the cities com- 
prising the District authorized a bond 
issue to finance the construction of 
the now famed Colorado River Aque- 
duct and all necessary appurtenances 
to bring Colorado River water to 
these cities and contiguous areas, the 
whole project to be paid for solely 
by the taxpayers and water users of 
the District. Construction of the aque- 
duct was started in 1932, and the first 
water was delivered in Los Angeles 
metropolitan area in June, 1941.“ ” 


Wartime augmented demands pin- 
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pointed the critical water shortage in 
the San Diego area. By agreement 
with the other Southern California 
agencies concerned, the city and/or 
county had already been apportioned 
an annual quota of 112,000 acre feet 
of Colorado River water, but no facil- 
ities were available for delivery of 
any of this to the vicinity of San 
Diego. In December of 1944 Presi- 
dent Roosevelt approved an emer- 
gency appropriation for construction 
of an aqueduct from the west portal 
of San Jacinto tunnel (on the Colo- 
rado River Aqueduct) to San Vicente 
reservoir of the San Diego water sys- 
ter—(Fig. 2). Although some delay 
in construction was occasioned by an 
acute shortage of labor and materials, 
the initial flow of Colorado River 
water passed through this vital link 
into San Vicente reservoir on Novem- 
ber 24, 1947. Design and construction 
of this aqueduct was under Navy su- 
pervision. 

On December 17, 1946, the cor- 
porate area of the San Diego County 
Water Authority officially became an- 
nexed to the Metropolitan Water 
District of Southern California. The 
District assumed payment of one half 
the cost of construction of the San 
Diego Aqueduct and, upon completion 
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Fig. I—RAINFALL record at San Diego, Calif., 1800-1953 reveals 100 yr. mean of but 10.03 inches. 
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Fig. 2—AQUEDUCT of San Diego County Water Authority 


Point of chlorine application San Jac 


of the line, took over operation of the 
northerly one half of the system. 


Aqueduct Design Features and 
Operating Characteristics 


The first barrel of the San Diego 
Aqueduct (Fig. 2) designed for an 
initial capacity of 85 cubic feet per 
second, is 71.1 miles long and consists 
of 4.4 miles of 72-inch diameter tun- 
nel; 2.0 miles of 96-inch and 12.4 
miles or 72-inch diameter reinforced 
concrete pipe; 21.8 miles of 54-inch 
and 28.8 miles of 48-inch diameter 
precast concrete pipe; 1.1 miles of 
steel pipe; and a regulating reservoir 
with available storage of 1400 acre 
feet 0.6 mile in length located two 
miles from the takeout at San Jacinto 
tunnel. When the aqueduct was de- 
signed, it was intended that the capac- 
ity would be increased ultimately to 


into Requlating Reservoir near 


head of aquedu 


165 c.f.s. Because of the subnormal 
rainfall in this area in recent years 
and the increasing demand for water, 
the second barrel is already under 
construction.” 

Early in December, 
tests of the carrying capacity, oper- 
ating characteristics and hydraulic 
properties of the aqueduct were made. 
The results of these tests were very 
satisfactory and indicated that the 
maximum carrying capacity of the 
line was more than 20 per cent above 
the normal design figure. 


1947, extensive 


Loss in Capacity a Serious Matter 


Because of the great need for water 
in the San Diego area, every effort 
was made to operate the feeder at its 
maximum capacity. Flow at a rate of 
approximately 104 c.f.s. was main- 
tained continuously until the middle 
of June, 1948. On June 14th it was 
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observed that the water level was 
unusually high in the outlet structure 
at the San Jacinto Regulating Reser- 
voir. An inspection revealed that the 
water was backing up in the aqueduct 
and that the freeboard at each of the 
open structures along the line was 
noticeably reduced. Within a few days 
it was necessary to reduce the rate of 
flow to less than 96 c.f.s. in order to 
keep some of the vent structures from 
overflowing. It was suspected that 
biological growths within the pipe 
were responsible for the reduced 
carrying capacity, and microscopical 
examination of several samples of 
deposit removed from a number of 
points along the line confirmed this. 


Chlorination Tried as 
Remedial Measure 


Chlorination of the water entering 
the San Diego Aqueduct, in an at- 
tempt to remove and control bacterial 
growths and biological films, was 
started on July 7, at which time the 
flow in the line was about 94 c.f.s. 
Two 1-ton cylinders of chloride were 
connected by a pipe manifold from 
which chlorine gas was fed into the 
aqueduct through a 2-inch rubber hose 
weighted at the discharge end to keep 
it submerged. The point of application 
was just below the outlet gate from 
San Jacinto Reservoir. On the basis 
of earlier chlorine demand tests which 
had been run on natural Colorado 
River water, an initial dosage of 3.5 
to 4 ppm of chlorine was applied in 
order to carry a free-chlorine residual 
of about 1.0 ppm to the last open 
structure on the District’s portion of 
the feeder. This rate of chlorine appli- 
cation was continued for 6 days, after 
which it was reduced to about 2.5 
ppm. By July 19 (12 days of chlorina- 
tion) the reservoir discharge had been 
increased to 99 c.f.s. When a carrying 
capacity of 100 c.f.s. was attained 
eight days later (July 27), no further 
increases in flow were sought. The 
freeboard at the structures continued 
to increase, however, and by Novem- 
ber 1 was back to normal for 104 c.f.s. 
flow. 


Continuous Chlorination for 


Combined Chlorine Residual 


On October 16 a chlorinator was 
installed at the reservoir outlet (Fig. 
3) and the chlorine dosage was re- 
duced to between 0.5 and 0.6 ppm. 
This dosage was selected as a result 
of chlorine demand tests which had 
shown that the maximum combined- 
chlorine residual could be obtairted 
from this rate of chlorine application 
to the water in San Jacinto Reservoir 
at that time. The chlorinator was a 
Wallace & Tiernan solution feeder 
W.&S.W.—Rererence & Dats 


1956 





WALLACE & TIERNAN 


INCORPORATED 


CHLORINATORS AND CHEMICAL FEEDERS 
25 MAIN STREET, BELLEVILLE 9, NEW JERSEY 
REPRESENTED IN PRINCIPAL CITIES 


Canada: Wallace & Tiernan Ltd., Montreal, Toronto, Winnipeg, Calgary 
England: Wallace & Tiernan Ltd., London 





FREE RESIDUAL CHLORINATION 


Recent developments in water works practice show 
that bacteria practically cease to exist where Free Resi- 
dual Chlorination, as accomplished by the Break-Point 
Process, is employed. Such chlorination assures the 
production of free available chlorine residuals which 
have a high killing potential. In many plants bacterial 
control by the Break-Point Process has been augmented 
with additional benefits such as improved coagulation, 
increased color removal, elimination of algal conditions, 
reduced chemical costs and increased length of filter 
runs with a resultant saving in wash water. 


TYPE MASV 
AUTOMATIC SOLUTION FEED 
VISIBLE VACUUM CHLORINATOR 


Where unusual or extreme fluc- 
tuations in water or sewage flow 
are encountered, the Type MASV 
meets the chlorination require- 
ments. It embodies all the advan- 
tages of automatic proportioning 
of chlorine feed, and automatic 
starting and stopping with the out- 
standing features of the Visible 
Vacuum Control Chlorinator — 
rugged construction, simplicity of 


operation and low maintenance Syne ASP Automatic 


Visible Vacuum 
costs. wa 


THE W&T HYPOCHLORINATOR 


W&T Hypechlerinator 


Chlorination of small water supplies involves prob- 
lems which the W&T Hypochlorinator is especially de- 
signed to meet. This equipment feeds either calcium or 
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sodium hypochlorite in solution form and is furnished 
in three types. 


The Electrically Operated type is particularly useful 
for small pumped water supplies. Since water pressure 
furnishes the major part of the operating power, the 
cost of electricity is but a few cents a day. Automatic 
Water Operated Hypochlorinators automatically pro- 
portion the chlorine solution to the flow of water and 
are especially adapted to small gravity water supplies 
with wide variations in flow. 


The Belt Driven unit is a sturdy, dependable unit for 
use where electric power is not available or where op- 
eration is to be synchrenized with 
pumping equipment driver, by gasoline 
engine or other similar motive power. 


WT SILACTOR ® 

The WT Silactor (pronounced SILL- 
actor) provides a system for the contin- 
uous production of activated silica with 
chlorine. Raw materials—chlorine and 
sodium silicate—are withdrawn directly 
from their own containers without 
handling or dilution. All chlorine used 
in the WT Silactor is available for the 
normal functions of chlorine, such as - 
killing bacteria and algae, or for the 
oxidation of iron, manganese and other 
oxidizable material. 


DRY CHEMICAL FEEDERS 
For the application of dry chemicals, Wallace & Tier- 
nan offers a complete line of feeding equipment. The 
Types MO, MOF and MOI Dry Feeders include such 
advantages as positive agitation, easy calibration and 
accurate feed over ranges of from 0.5 to 200 pounds 
per hour, depending upon the chemical used. 


CONVENIENCE 
W&T is represented by a service staff prepared to 
discuss the proper equipment for any chlorination prob- 
lem. 
Current literature on the many phases of chlorina- 


tion, ammoniation and dry chemical feeding is avail- 
able on request. 





with a rated capacity 1000 pounds of 
chlorine per day. An 8-inch diameter 
hole was cut through the top of the 
72-inch I.D. concrete pipe about 20 
feet downstream from the outlet gate 
from the reservoir, and a concrete 
chimney with a 12-inch I.D. opening 
was built over this hole to provide 
access to the surface. A 24-inch steel 
pipe was installed in this chimney, 
terminating at a point about two feet 
above the invert of the aqueduct line. 
This structure is pictured in Fig. 4 
The rubber hose carrying the dis- 
charge from the chlorinator was 
passed through the steel pipe, so that 
the chlorine solution might be ap- 
plied as far below the surface of the 
water as practicable. No diffuser was 
used 

At intervals of one to three months, 
pre 
pared from tests run on the reservoir 


chlorine-demand curves were 
water samples. On the basis of these 
data, the chlorine dosage was varied, 
maintain the maxi- 

combined-chlorine 


as necessary, to 
mum obtainable 
residual. The chlorine 

quired to maintain this 
ranged from 0.5 to 1.1 ppm, depend 
ing upon the quantity of nitrogenous 


dosage re 


condition 


material present in the water—( Fig 
5). Occasionally, particularly in mid 
when water 
were at a maximum, the carrying ca 


pacity of the feeder would start to 


summer temperatures 


decrease slowly despite this continu 

















Fig. 4—CHLORINE inlet arrangement 
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ous chlorination. Happily, application 
of chlorine at a dosage of about 3 to 4 














tains n platform 


nator in far 


on aqueduct 


g pla 


ppm (Fig. 6) for 18 to 24 hours al- 
restored the freeboard at the 
structures and the capacity of the 
line. For 10 months during the period 
from April 1951, to March 1952, a 
flow rate of more than 106 c.f.s 
maintained 
a peak of 106.7 c.f.s. being attained. 
Comfortingly, this was fully 25 per 
cent more than the designed capacity 
of the line 


ways 


was 
in the San Diego Feeder, 


in the summer of 1951 chlo- 
rination practice at San Jacinto Res- 
ervoir was modified to the extent that 
the higher dosage of chlorine (3 to 4 
ppm) was applied at more frequent 
for only 2 to 6 hours 


Early 


intervals but 
during each period of application. Be- 
tween these periods normal chlorina 
tion to the “hump” point on the break- 


point curve was still continued—( Fig. 


>) 


So successful did this procedure 
prove to be that it was decided to ex- 
periment with the use of intermittent 
high-dosage chlorination alone, with- 
out continuous low-dosage chlorina- 
tion. While plans for this were in 
progress, the article by Jackson and 
Mavhan'*) appeared in Water & Sew- 
ige Works, describing the experience 
at Little Rock in maintaining supply 
line capacity by chlorination, This ar 
ticle confirmed the idea that contin- 
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Chlorine Applied 


Fig. 5—CHLORINE DEMAND curves for San Jacinto Reservoir water Oct. 31, 1950 


uous chlorination might not be neces- 
Sary 


Intermittent Chlorination 
for Free Residual 


Late in the fall of 1951 continuous 
chlorination at the San Diego Feeder 
was discontinued, and the program of 
chlorinating for 2 hours every day at 
a chlorine dosage of 2 to 3 ppm was 
instituted. When this schedule proved 
highly satisfactory, the frequency of 
chlorination was further reduced. At 
present, chlorine is applied twice each 
week, 100 pounds being used during 
each two-hour period of application 
his is equivalent to a chlorine dosage 
of about 2.2 ppm for 2 hours at the 
current 100 c.f.s. rate of flow in the 
Aqueduct capacity is being 
very satisfactorily maintained, and 
freeboard at all the open structures is 
at a maximum. During the hottest 
summer months it may sometimes be 


9 | 
feeder 


necessary to increase the dosage tem 
porarily—possibly to 150 pounds or 
even 200 pounds for 2 hours twice 
each week. Even at the latter dosage, 
however, the total chlorine used will 
add up to only 400 pounds per week 
Compared with a usage of 300 to 600 
pounds per day when continuous low- 
sage chlorination was practiced, 
this represents a very substantial sav 
chlorinator formerly used 

tinuous low-dosage chlorina- 
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tion has a maximum capacity of about 
960 pounds per day or 40 pounds per 
hour, it is not suitable for the present 
intermittent, higher-dosage chlorina- 
tion. Instead, the chlorine gas drawn 
from the one-ton cylinders passes 
through a manifold into a pressure 
regulator. At reduced pressure it en- 
ters a 5@” plastic garden hose which, 
in turn, is carried through a two- 
inch “Uscolite” pipe leading through 
the inlet structure into the aqueduct 
line. The plastic hose extends for a 


-— 


HLORINWE 


short distance along the invert of the 
72” pipe, permitting the gas to bubble 
upward into the flowing water. Al- 
though a larger chlorinator, which 
would permit application of chlorine 
solution rather than chlorine gas, 
would simplify control of chlorine 
dosage and, perhaps, promote more 
efficient use of the chlorine applied, 
even the present equipment is effec- 
tively maintaining full capacity in 
the San Diego Aqueduct at very mod- 
erate cost and simplicity of operation. 
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5 Chlorinators 





Manual operated 1050-A Chlorina- 
tor—Model C-1410 


Automatic proportioning 1050-A 
Chlorinator—Model C-1420 


Multiple rate 1050-A Chlorinator 
Model C-1444 


from one basic unit 


Fischer & Porter’s basic chlorinator design—for WATER 
TREATMENT, SEWAGE TREATMENT and SWIM- 
MING POOLS— is now available with the five optional 
variations shown below. 

All models feature— 

positive-acting safety devices 

complete corrosion resistance 

maintenance-free operation 

simplicity 

accuracy 

ease of installation 

wide range 

and are backed by a nationwide sales/service organiza- 
tion. There is a model to exactly fit your needs. 


Remote set 1050-A Chlorinator— 
Model C-1455 


Fluo 1050-A_ Chlorinator—Model 
F-1410 


(For simultaneous fluoridation and 
chlorination) 





Other Corrosion Resistant Chlorination Equipment 


Water Purification 


For measurement of filter water and wash water flow 
rates, F&P supplies a wide variety of flow meters and 
transmitters. The filter table console (below, left) con- 
tains all controls for operating a filter system. 

The miniature instrument panel (below, right) houses 
indicators, recorders, totalizers, controllers and alarm 
systems for temperature, pressure, flow, liquid level and 


other variables. 


; = 
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DATA REDUCTION AND AUTOMATION 


New system monitors at a central location any number 
of widely separated pumping stations, filter plants and 
reservoirs by continuously scanning such variables as 
water level, flow rates, valve positions, pressures, water 
consumption. Data is recorded on central logsheet, on 
punched cards or punched tape for control, statistical or 
accounting purposes. Advantages are: elimination of 
man-hours—immediate detection of trouble—avoidance 


of washouts, closed streets, detours.. 


The F&P Centralized Data Logging System is a means of 
automatically translating pneumatic and electrical meas- 
urements to a digital (number) form for automatic con- 
trol, computing or cost accounting. It can be used in 
an existing as well as a proposed water plant, and is the The F&P Automatic Logger presents data in type- 
modern way of handling a number of continually chang- written form at hourly or other pre-set intervals. 
ing operating measurements. Provisions can be made for 


positive supervisory control of the remote stations. 


@ Relieves operating supervisors of the burden of man- 
ually logging, collating and interpreting operating in- 


formation. 


Increases efficiency through faster, more accurate re- 


porting of works and operating conditions. 
Alarms abnormal conditions occurring at any time. 


Reduces confusion when information appears rapidly 


or from many points. 


Provides an automatic, permanent log independent 
of operating personnel. 
The Digi-Coder is an electromechanical device 


3 dat: s . > * 
@ Stores data for subsequent use that converts shaft position to any digital code. 


Fp FISCHER & PORTER CO. 


925 Warminster Road, Hatboro, Pa. 


/ 7 f, / 
' {- . “ > Aap ates | / 
LAKOt™TMAaLLOCN 1 any of the yawo duc ti described. 
l j/ 


SALES ENGINEERING OFFICES, U.S.A. 


ALBANY, N.Y. CINCINNATI, Ohio KNOXVILLE, Tenn. PHILADELPHIA, Pa. 
ATLANTA, Ga. CLEVELAND, Ohio LOS ANGELES, Calif. PITTSBURGH, Pa. 
BALTIMORE, Md. DALLAS, Texas MEMPHIS, Tenn. RICHMOND, Va. 
BIRMINGHAM, Ala. DENVER, Colo. MILWAUKEE, Wis. ST. LOUIS, Mo. 
BOSTON, Mass. DETROIT, Mich. MINN.-ST. PAUL, Minn. SALT LAKE CITY, Utah 
BUFFALO, N. Y HOUSTON, Texas NEW ORLEANS, La. SEATTLE, Wash. 
CHARLESTON, W. Va. JACKSONVILLE, Fla. NEW YORK, N.Y. TULSA, Okla. 
CHARLOTTE, N.C. KANSAS CITY, Mo. OAKLAND, Calif. WASHINGTON, D.C. 
CHICAGO, III WILMINGTON, Del. 





Iron Removal and Water Softening 


RON and hardness are two of the most 

troublesome impurities in water sup- 
plies; iron because it stains everything with 
which it comes in contact and hardness be- 
cause it wastes soap and forms scale. The 
tolerance for iron in municipal water sup- 
plies is usually stated as being 0.3 ppm., 
expressed as Fe. This concentration is only 
a very small fraction of the tolerance for 
hardness in —— water supplies (i.e., 
usually 85 ppm. or 5 grains per gallon, ex- 


pressed as CaCOQO;) 


If the iron content exceeds this 0.3 ppm., 
staining becomes a serious problem, for then 
the bathtub, washbowl and other porcelain 
fixtures no longer present a mater white 
gleaming appearance but, instead, develop 
unsightly, rusty brown or even black stains 
which can usually be removed only by acid. 
(Parenthetically, it might be remarked that 
the common practice of having a bottle of 
muriatic a¢id at hand for the removal of 
such stains is not to be recommended es- 
pecially where children are concerned and 
oxalic acid is even worse for it is exceed- 


ingly poisonous. ) 


glassware, tiled floors 
and walls and other materials. As for 
laundering in an iron bearing water, this 
presents such an extremely serious staining 
problem that laundering in a high iron con 
tent water is practically an impossibility. 
Iron also unites with tannic acid to form 
ink so tea made with an iron bearing water 
may, depending on the iron content, develop 
off colors from a grayish to a diluted black 
muddy appearance. Of course, as everyone 
who has used such a water knows, if lemon 
is taken with the tea, it does bleach out 
the color. Coffee, also, no matter what brand 
is used, becomes a rather muddy looking and 
unpalatable liquid. As for the plain drink- 
ing water if the iron content is 1 ppm. or 
over, an unpleasant metallic taste is very 
noticeable. 


Iron also stains 


In the water supply distribution system, 
iron deposits tend to form, especially if the 
water has come in contact with air in a 
reservoir or storage tank. At times of 
heavy draft, these deposits are stirred up 
with the result that the water coming from 
household taps may temporarily become 
very muddy. Iron also favors the growth 
of various iron bacteria, popularly and col- 
lectively known as “iron crenothrix” and 
these growths have a tendency to break 
loose in clogging masses which frequently 
develop bad tastes and odors. 


Methods of Iron Removal 


In clear, deep well, iron bearing waters, 
the iron is present as soluble ferrous bi 
carbonate. Iron present in this form may 
be removed by (1) aeration, settling and 
filtration, (2) by cation exchangers operat- 
ing either on the sodium or hydrogen cycle, 
or (3) if present in amounts of 1 ppm. or 
less, by manganese zeolite filters. 


Iron in an organic or colloidal form may 
be present in some surface waters, some 
shallow well waters and an occasional deep 
well water. Usually such waters have 
an appreciable content of organic matter 
and a high color. Organic iron can not 
be removed successfully by the methods used 
for the removal of ferrous bicarbonate but 
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can be removed by coagulation with alum, 
settling and filtration. 


Aeration, Settling and Filtration 

In the first process mentioned above for 
iron removal, the water is first aerated, 
which serves both to oxidize the iron and 
to reduce the content of free carbon dioxide. 
Certain other oxidizing agents, such as 
chlorine, may be used, instead of air, but 
aeration is the process almost universally 
employed. 2 

Aeration may be carried out in one of 
several types of open aerators, such as the 
step aerator, spray aerator, slat aerator, 
coke aerator, or occasionally, in open basins 
by blowing air through the water. Also, 
aeration may le carried out in closed pres 
sure type aerators or aerating filters. In 
such cases calcite filters may be employed 
to lower the CO: content. Aeration may 
also be done in a closed type degasifier 
rectangular in cross-section with one side 
removable for cleaning. 
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rhe oxidizing action of the air converts 
the soluble ferrous bicarbonate to the prac- 
tically insoluble ferric hydroxide. With cer- 
tain waters, this oxidizing action is so slow 
that it is advisable to speed it up by raising 
the pH value to approximately 8.2. 


As an illustration of the increased speed 
of oxidation of a ferrous compound at high- 
er pH values, ferrous sulphate, commonly 
known by the misnomer “copperas,” may 
well be used. Every chemist is familiar 
with the fact that a solution of ferrous 
sulphate, which has a low pH value, is 
fairly stable and that, when exposed to 
the air, oxidation proceeds at a very slow 
rate. If such a solution is treated with 
caustic thus greatly increasing the 
pH value, oxidation, when air is present, 
proceeds very rapidly, and insoluble ferric 
hydroxide is formed. 


S¢ da, 


Similarly in waters of low pH value, con- 
taining ferrous bicarbonate, oxidation is 
slow although, of course, not so slow as 
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Section Through Rectangular Degasifier 
(Arrows indicate air flow) 
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with a solution of ferrous sulphate, which 
has a very much lower pH value. There- 
fore, aeration, by reducing the free carbon 
dioxide content, builds up the pH value 
and increases the speed of the oxidation. If, 
in addition, the pH value is increased by an 
alkali such as hydrated lime or caustic soda, 
the speed of the oxidation reaction is greatly 
increased 


Che insoluble ferric hydrate produced by 
may then be removed from 
the aerated water either by settling or by 
filtration, or more commonly, by settling 
by filtration. In the latter 
the settling is usually for a comparatively 
I some 15 to 30 minutes. 


this process, 


followed case, 


rt pe riod 


accomplished by the use 
anthrafilt filters of either the 
gravity or pressure type. These are stand 
ard filters and as they are operated in the 
usual manner, no detailed description is nec 
addition to the usual backwash, 


washers are frequently employed 


Filtration is 


a 
of sand or 


essary iF 


Cation Exchange 

The removal of ferrous bicarbonate by 
ation exchange may be accomplished simul 
isly with the removal of hardness by 
hangers operating on either the 
the hydrogen cycle. In 

practice, the sodium cation ex 
process is the one that is almost 
used. The cation exchanger 
may be a green-sand base zeolite, or a car 
bonaceous or resin type. 

When a clear, deep well water is to be 
softened and also freed from iron, the 
zeolite water softener may offer the simplest 
solution to the problem. With most of 
these waters, the removal is so complete that 
the iron content of the effluent will usually 
In fact, in a few 
softeners heer 


tanec 
cation ex 
sodium cycle or 
municipal 
hanger 


rol j 
exciusively 


average 0.1 ppm. or less 
ases eolite 


water have 











installed primarily for iron removal, the 
water softening action being an incidental 
benefit. 

On regeneration with salt, the iron, 
which has been taken up by the zeolite on 
the softening run, is liberated as ferrous 
chloride. This, together with the calcium 
and magnesium chlorides, is then thoroughly 
washed to the drain before returning the 
softener unit to service. 

This process will answer for all normal 
water supplies; for waters of abnormally 
high iron content aeration, settling and 
filtration frequently precede zeolite water 
soiteners. 

Since the zeolite (or sodium cation ex- 
changer process) yields a water of “zero” 
hardness, it is customary to by-pass enough 
hard water to give a mixed effluent with a 
hardness of about 5 grains per gallon. If 
the iron content of the raw water is too 
high to yield a mixed effluent with the de- 
sired iron tolerance, the by-pass water 
should be reendered iron free by separate 
treatment 


Manganese Zeolite Process 
When the iron content is relatively low 

1 ppm. or and softening is not re 
quired, the iron may be removed by means 
of manganese zeolite filters. The man 
ganese zeolite is a special zeolite manufac 
tured by converting a sodium zeolite to a 
manganese zeolite by treating it first with 
manganous chloride and then with potas 
sium permanganate 


less 


In order to remove iron by this process 
the water is simply filtered through a bed 
of the manganese zeolite. This serves both 
to oxidize the iron to an insoluble form 
and to remove this product by the filtering 
These accumulations are 
px riodic backwashings and the 


action of the bed 
removed bv 
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oxidizing action is restored by occasional 
regenerations with potassium permangan- 
ate. In this process, only the iron is re- 
moved from the water as the manganese 
zeolite exerts no softening effect. 


Cold Lime Soda Process 

In the cold lime soda (or combination 
lime zeolite process), ferrous bicarbonate 
is easily removed with the hardness pre- 
cipitates by introducing sufficient air into 
the water to oxidize the iron. If the carbon 
dioxide content of the raw water is rather 
low, all that is required is to drop the 
water, over a couple of steps or baffles, 
through an air space as it enters the treat- 
ing tanks. If the water contains a relatively 
high content of carbon dioxide, then marked 
economies in the lime dosage may be ef- 
fected by first passing the raw wate 
through an aerator which may be mounted 
over the treating tank. 


Organic or Colloidal Iron Removal 


As previously stated, organic or col 
loidal iron is not satisfactorily removed by 
the foregoing processes. Instead it is neces- 
sary to coagulate, settle and filter the water. 
This is not always as simple as it sounds 
and it usually is necessary to run a series 
of jar tests to find the optimum conditions, 
that is, the dosages of coagulant and the 
pH requirements to secure a good coagula- 
tion and the formation of a satisfactory 
floc. The coagulant which is most widely 
employed is aluminum sulfate—filter alum 
but chlorinated copperas and ferric sulfate 
are also used. 

Chlorination is sometimes of value in re- 
moving organic iron but in many cases it 
seems to have little or no effect. With 
waters of low mineral content, the use of 
clay or activated carbon is often of value 
in aiding floc formation and color removal 
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Cut-away of Zeolite Water Softener 











Manganese Removal 


Manganese, like iron, is an exceedingly 
troublesome impurity in water but fortu- 
nately is much rarer in occurrence. Like 
iron it may occur as the soluble bicarbonate 
or in colloidal or organic form. Also its 
methods of removal are similar, manganous 
bicarbonate being removed by (1) aeration, 
settling and filtration, (2) by cation ex- 
changers operating either on the sodium or 
hydrogen cycle, or (3) by manganese 
zeolite filters. In removing it by aeration, 
settling and filtration, however, it is neces- 
sary to have a higher pH for its oxidation 
than is required for iron. In the organic or 
colloidal form, the method of removal is 
the same as with iron, that is, by coagula 
tion, settling and filtration. 


Municipal Water Softening 


Hard waters, as everyone who has used 
them can well testify, are expensive 
nuisances. They waste tons of soaps; de- 
crease the life of washable garments ; mak- 
ing bathing, shampooing and shaving thor- 
oughly unenjoyable; scale water heaters, 
boilers, hot water piping and cooking uten- 
sils; and increase costs for fuel, labor, 
repairs and replacements. While these trials 
and tribulations are recognized by all users, 
too few realize that it actually costs much 
less to soften a hard water than to continue 
using it. Surveys however have proven that, 
on the average, the costs for the materials 
used in softening a municipal water supply 
are only about one-third the cost of the 
soap wastage incurred in using the hard 
water. 

There are three processes which are used 
in softening municipal water supplies. 
These are: 

The zeolite (or 
changer) process 
The cold lime soda process 


sodium cation ex- 


a 
3. The combination lime-zeolite process 


Zeolite (or Sodium Cation Exchanger) 

In the zeolite (or sodium cation ex- 
changer) process, the hard water is softened 
by merely flowing it through a bed com- 
posed of a granular sodium zeolite or an 
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Line Drawing of Permutit Spaulding Precipitator 


organic sodium cation exchanger. This re- 
moval of the hardness is so complete that 
the softened water is usually termed “zero 
water” meaning a water that is practically 
zero in hardness. After a definite amount 
of hardness has been abstracted, the bed is 
treated with a predetermined amount of 
common salt brine, which removes the 
hardness from the bed and restores it to 
its original sodium condition. 


This restoration process is known as 
“regeneration” and consists of three steps: 
backwashing, salting and rinsing. The 
backwashing serves to loosen, cleanse and 
hydraulically regrade the bed. The salting 
serves to remove the hardness and simul- 
taneously to restore the bed to its original 
sodium state. The rinsing serves to remove 
the excess salt and soluble by-products— 
calcium and manganesium chlorides—and 
wash them down the drain. These cycles 
of softening and regeneration may be re- 
peated indefinitely as the wear and tear on 
the bed is very slight—usually under 3 per 
cent per year. Therefore only a slight addi 
tion of new material is required annually to 


keep the bed performing at its full rated 
capacity. 

The softening plant may consist of a 
single softener unit or batteries of two or 
more units. In the latter case the units are 
usually of such a size that, when one unit 
is being regenerated, the other unit or units 
carry the full load. The softener units used 
in municipal practice may be either of the 
pressure type or the gravity type. In the 
pressure type, the bed is enclosed in a steel 
shell ; in the gravity type, the bed is enclosed 
in a rectangular concrete shell. In both 
types, the bed is supported by several layers 
of graded gravel overlying an underdrain 
system. This serves to collect and pass the 
softened water to the service lines during 
the softening run; to distribute the back- 
wash water during the backwashing opera- 
tion; and to collect and pass to the drain 
the waste brine and rinse water during the 
salting and rinsing operations. 


Zeolite (or sodium cation exchanger) 
water softeners are available in fully auto- 
matic, semi-automatic or manually oper- 
ated designs. In the fully automatic pres- 











Cut-away View of Horizontal “Precipitator” 


Left—Interior; Right—Front Wall 
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TURBIDITY gets cut from 1500 to less 
than 5 ppm in this Precipitator. Mt. 
Carmel, Ill. Cons. Eng.: Warren & 
Van Praag, Inc. 


HARDNESS TESTER starts regenera- 
tion of softeners automatically, saves 
manpower. E. Aurora, N. Y. Village 
Eng.: E. J. Maurer. 


OLD SETTLING BASINS house these 
modern Precipitators that boost ca- 
pacity. North Kansas City, Mo. 
Cons. Eng.: C. A. Haskins. 


SEA WATER saves $32,980 per year 
over salt for regenerating Softeners. 
Hollywood, Fla. Cons. Eng.: Rey- 
nolds, Smith & Hills. 


269 PPM HARDNESS is removed by 
these automatic Softeners. Aerator 
and Filters cut iron. Martinsville, 
Ill. Supt.: O. Wiser 


SOFTENER CAPACITY TRIPLED and 
$7,000 yearly saved on salt by change 
to Permutit Q resin. Normal, IIl. 
Cons. Eng.: Farnsworth & Conley. 


30 PPM IRON gets cut to 0.14 ppm 
in Aerator and Precipitator .. . 
even before filtration! Fairless Hills, 
Pa. Cons. Eng.: H. H. Le Van, Jr. 


AUTOMATIC CONTROLS backwash, 
regenerate, rinse and return Soft- 
eners to service. New Smyrna Beach, 
Fla. Cons. Eng.: Russell & Axon. 


TRIPLE TROUBLE! 275 ppm hard- 
ness, 200 ppm alkalinity, 3 ppm iron 
are reduced by this Precipitator. 
Staples, Minn. Supt.: FE. H. Klang. 


Why these cities chose 
PERMUTIT’ water conditioning 


Some chose Permutit for its world-known engineering 
experience gained through thousands of installations 
covering every major development in clarification, 
filtration and softening equipment. 

Others chose Permutit to get complete, integrated 
service: the water-analysis labs, engineering, equip- 
ment, controls, ion exchange resins—all from one 
source, under one responsibility. 

But most of the designers of these plants chose 
Permutit because they have personal knowledge of 
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many installations where Permutit equipment has 
given long years of efficient, trouble-free performance. 
They know that’s what pays off in the long run. 

Write for Technical Bulletins. The Permutit Com- 
pany, Dept. W-56. 330 West 42nd St., New York 
36, N. Y. 


SOFTENERS * ZEOLITES and RESINS « AUTOMATIC CONTROLS « GRAVITY 
FILTERS * PRESSURE FILTERS + PRECIPITATORS » CHEMICAL FEEDERS 
AERATORS * SWIMMING POOL SYSTEMS * IRON REMOVAL EQUIPMENT 





sure type softener, a motor operated valve 
is usually mounted on the front of the 
softener unit. In the gravity type softener, 
a motor operated pilot valve is used to regu- 
late the hydraulically operated gate valves 
on the softener unit. 

In either case, the principles of operation 
are the same. A water meter on the soft 
water outlet line is equipped with an electric 
contact head and an automatic resetting 
device. At the end of the softening run, a 
contact is made establishing an electric cur- 
rent which rotates the valve to the wash 
position. The length of the backwash period 
is governed by an electric time switch. 

At the end of the backwash period, a cur- 
rent is again established which rotates the 
valve to the brine position. In this position, 
a predetermined volume of saturated salt 
brine is admitted to the softener, this vol- 
ume being governed by an electric float 
switch. After the brine has been admitted 
the valve is rotated to the rinse position. 
The rinsing period is governed by an elec- 
tric time switch and, at the end of this 
period, the valve is rotated to the soften 
position, which again places the softener 
unit in operation. In the meantime the 
resetting device on the meter has auto- 
matically reset it for the next softening run. 

Semi-automatic operation is used prin- 
cipally on waters which may suddenly vary 
in composition. The semi-automatic units 
are similar to the fully automatic in opera 
tion with the single exception that the re- 
generation and return to service operations 
are initiated by the operator instead of by 
the meter. Manual operation is performed 
by the operator opening and closing the 
proper valves in sequence, timing the back- 
washing and rinsing operations and meas- 
uring the drawdown during the salting 
operation. The valves used may be either 
of the conventional type or the hydraulic 


type, the latter being operated from a con- 


trol table. 
In municipal practice, effluents having a 


hardness of 4 or 5 grains per gallon are 
usually desired. With the zeolite (or 
sodium cation exchanger) water softener, 
such effluents are obtained by softening a 
portion of the water to “zero” and then 
mixing with it whatever proportion of hard 
water is required to reach the desired quality 
of effluent. If the raw water contains 
appreciable amounts of iron, it is the usual 
practice to treat the raw water and remove 
its iron content before mixing it with the 
softener effluent. (See Iron Removal Sec- 
tion above.) 


Cold Lime Soda Process 


In the cold lime soda process, the hard 
water is treated with lime or lime and soda 
ash, added in such proportions and amounts 
as to precipitate the bulk of the hardness 
in the forms of calcium carbonate and 
magnesium hydroxide. The function of the 
lime is to remove free carbon dioxide; to 
change the calcium bicarbonate to the in- 
soluble carbonate and when magnesium 
hardness reduction is required, to pre- 
cipitate it as magnesium hydroxide. The 
function of the soda ash is to convert the 
chlorides or sulfates of lime and magnesia 
to the carbonates. 

In waters which contain little or no sul- 
fate (or non-carbonate) hardness, treatment 
with lime alone will be sufficient to reduce 
the hardness to the required tolerance. On 
the other hand if the non-carbonate hard 
ness exceeds some 3 grains per gallon, the 
use of soda ash as well as lime is required 
to produce a 5 grain per gallon effluent. In 
either case, the addition of a small amount 
of a coagulant—usually about 20 ppm. of 
aluminum sulfate—is desirable in order to 
form an easily settled floc. 





Sludge Blanket Softeners 


In the older or so-called “conventional” 
cold lime soda water softeners, treatment 
and settling was effected in large settling 
tanks or basins and the effluent was usually 
recarbonated before passing through the 
hiters in order to prevent “growth” of the 
hlter granules and “after deposits” in the 
distribution system. In the newer, sludge- 
blanket type of equipment, the treated wa- 
ter, by being brought in intimate contact 
with previously formed precipitates, is 
brought into chemical balance so that re- 
carbonation is unnecessary unless a lower- 
ing of the pH value is required. 

For the purpose of explaining this sys- 
tem, the “Permutit Spaulding Precipitator” 
will be described. The “Precipitator” is 
available in two basic types, the vertical and 
the horizontal and in sizes ranging from 
10 mgd. per unit down to small units for 
carbonated beverage plants and other such 
uses, with capacities of only a few thousand 
gallons per day. Also it is possible to con 
vert many of the older settling basins and 
tanks to the “Precipitator” type by remod- 
eling their interiors and thus increasing 
their efficiencies, lowering their lime re- 
quirements and increasing their capacities. 

The vertical “Precipitator” may be 
described as a cone, cut in half, the smaller 
portion, with the largest diameter down- 
wardly disposed, being placed in the center 
of the larger portion, with the largest 
diameter upwardly disposed and with, of 
course, a space between the lower rim of 
the downcomer and the bottom of the tank 
Chis downcomer is equipped with a central 
ly disposed, vertical agitator. The hori- 
zontal “Precipitator” differs from the ver- 
tical type in that the outer chamber is a 
rectangular concrete tank; that the inner 
chamber or downcomer is formed by sloping 
partitions and that two horizontal agitators 
are employed in the inner chamber, these 
being driven by a motor placed in a drive 
pit at one end of the Precipitator. 

The principles of operation are the same 
in both types and may briefly be described 
as follows: The raw water and the chemi- 


cals enter at the top of the inner chamber 


and pass downwardly through it, the agi- 
tator serving to thoroughly mix the chemi- 
cals with the water and to keep the 
precipitates, formed by the reactions, in 

















Hot Process Softener—Sludge Blanket 
Design 
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suspension. Emerging at the bottom of the 
inner chamber, the treated water flows up- 
wardly through a suspended blanket of 
previously formed sludge. As the cross- 
sectional area of this outer chamber in- 
creases from bottom to top, the ver:ical 
velocity of the rising water constantly de- 
creases until a level is reached beyond which 
it cannot lift the precipitates. In practice, 
there is a clear line of demarcation between 
the top of the sludge blanket and the clear 
effluent rising above it to the outlets. 

The intimate contact thus obtained be- 
tween the precipitates and the water results 
in a complete utilization of the added lime; 
elimination of super-saturation and after- 
precipitates ; and, due to the filtering action 
of the sludge blanket, the production of 
clearer effluents and longer filter runs. 

The depth of the sludge blanket is kept 
between specified limits by bleeding off 
sludge, through sludge concentrators, at 
approximately the same rate at which new 
sludge is formed. These sludge concentra- 
tors are relatively small compartments in the 
bottom of the outer chamber through which 
there is no upward flow of water and in 
which, therefore, the requisite part of the 
sludge settles and concentrates to about 10 
per cent solids. 

In municipal practice, the effluent from 
the “Precipitator” is filtered before passing 
to the clear well. The filters used are 
usually of the gravity type and therefore 
need no detailed description. In addition to 
their use in the cold lime soda water soften- 
ing process, “Precipitators” may be used 
for the coagulation of turbid or colored 
waters. 


Combination Lime Zeolite Process 


In the combination lime zeolite process, 
the water is first treated with lime to reduce 
the bicarbonate hardness. The filtered 
effluent is then passed through a zeolite (so- 
dium cation exchanger) water softener to 
remove the noncarbonate hardness and 
residual carbonate hardness. With waters 
containing appreciable amounts of noncar- 
bonate hardness, this process shows very 
economical operating costs as the cheapest 
method of removing bicarbonate hardness 
is with lime and the cheapest method of 
removing noncarbonate hardness is with 
zeolite. 

Further advantages with this process are 
that it reduces the alkalinity and total solids 
content and that, where iron removal is 
concerned, the iron can be removed in the 
first stage of the process by introducing 
enough air to oxidize the iron to the ferric 
state. In using this process for municipal 
water softening, the usual 5 gpg. effluent 
may be obtained by mixing the requisite 
portion of the filtered lime treated water 
with the zeolite effluent. 

The system used consists of a cold lime 
softener plus filters plus zeolite water 
softeners. If the pH value of the lime 
treated water is too high, a slight recar- 
bonation will serve to reduce it. If the raw 
water is an iron or manganese bearing 
water, or, if the free carbon dioxide con- 
tent is high, an aerator is employed ahead 
of the cold lime softener. This may con- 
sist of a coke tray or wood slat tray aera- 
tor; or, if only a slight aeration is needed, 
running the water over a few steps or 
baffles before it enters the cold lime softener 
will be sufficient; or, the air may be intro- 
duced by an air grid and compressor in a 
compartment ahead of the lime treatment. 


Demineralization Process 
While the hydrogen cation exchanger 
process, the ion exchange demineralizing 
process, find other uses than in the treat- 


W.&S.W.—Rererence & Data— 1956 























ment of municipal water supplies, a brief 
description of them may be of interest. In 
the hydrogen cation exchanger process, the 
cation exchangers used are of the organic 
or non-siliceous types. These organic 
cation exchangers may, when regenerated 
with salt, be used in the same manner as the 
zeolites. Their most interesting 
is on the hydrogen cycle. 

the cation ex 


siliceous 
use, however, 
On the hydrogen cycle, 
changer is regenerated with acid, usually 
sulfuric acid. The hydrogen thus intro- 
duced into the cation erchanger will ex- 
change hydrogen for calcium, magnesium 
and sodium ions 

If a water containing nothing but the 
bicarbonates of these metals is passed 
through a hydrogen cation exchanger, the 
calcium, magnesium and sodium will be 
completely removed and nothing but free 
dioxide will be left in the effluent 
dioxide is easily removed by 
an aerated effluent would be 
same as distilled water in 


carbon 
As the carbor 
aeration, such 
practically the 
con position 
sulfates and chlorides are 
these would appear in the 
effluent as the corresponding acids. These 
may be neutralized by the addition of soda 
ash or by mixing with the requisite quan 
tity of water softened on the sodium cycle 
On the other hand, if complete removal 
f the sulfates and chlorides is required, 
the effluent from the hydrogen cation 
unger is passed through an anion ex- 
which completely removes the 
und hydrochloric acids formed by 


However, if 
also. present 
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Automatic Demineralizing Plant with Degasifier 


the hydrogen cation exchanger. The carbon 
dioxide is then removed by aeration result- 
ing in an effluent equivalent to a distilled 
water. As the cost of demineralization is 
only a very small fraction of the cost of 
distillation, this process is now coming 
into very extensive use wherever a water 
of such high quality is required. 


Hot Lime Soda Process 


The hot lime soda process, too, may be 
of interest, although aot used for municipal 
softening. It is confined almost exclusively 
to the softening of boiler feed waters as the 
process is carried out at the boiling point 
The softener consists of a tall enclosed 
steel tank designed usually to withstand 
a pressure of about 10 psi. In the top of 
the softener is a spray heater, which heats 
and deareates the water to less than 0.3 
ml. per liter of dissolved oxygen. 


The lime and soda ash are fed to the hot 
water in the top of the softener where it 
reacts with the hardness producing a sludge 
In the newer sludge blanket type design, 
the water flows through a downcomer in 
the center of the softener and then rises 
through a blanket of this suspended sludge. 
In the older types, the flow was down- 
ward to a short distance above the bottom 
where the treated water was drawn off 
through a cylindrical uptake while the 
sludge settled to the bottom. 

The sludge blanket type has rapidly come 
into popular favor particularly where the 
silica content, as well as the hardness, re 
quires reduction or removal and it is built 


in a number of designs for handling makeup 
alone or both makeup and various amounts 
of condensate and for either a deaeration 
to 0.3 ml. per liter of dissolved oxygen or 
complete deaeration to less than 0.005 ml. 
per liter. In the latter case, the complete 
deaeration is effected by a clever use of the 
steam required for the primary heater ; this 
steam being blown through the hot, softened 
and partially deaerated water in a deaera- 
tor compartment before being used in the 
primary heater. 


The hot process softener will reduce the 
hardness to below 1.5 gpg. (25 ppm.) by the 
use of lime and soda ash alone and to as 
little as 1 or 2 ppm. when phosphate also is 


used. Also, by the use of dolomitic lime or 
activated magnesia, the silica content may 
economically be reduced to practically any 
desired figure. 


The effluent from the hot process softener 
is filtered through pressure filters using a 
non-siliceous filter medium such as “An- 
thrafilt.” These filters are periodically 
backwashed with hot softened water from 
the settling tank by means of a special 
backwash pump and the backwash water is 
returned to the top of the settling tank, 
thus recovering it. Since the process is 
carried out at temperatures around the boil- 
ing point, the softener tank and filters are 
usually lagged with insulating material to 
prevent heat losses. As previously stated, 
this process is almost exclusively limited 
to softening boiler feed waters, the few 
exceptions being where a very hot, softened 
process water is required. 





Compressed Air in Water Works 


HE APPLICATIONS of com- 
pressed air in water pumping sta- 
tions and treatment plants until re- 
been limited. Although 
incongruous in the 


cently have 
not completely 
average water works, compressors 
nevertheless have occupied a relatively 
minor position among the pumping 
stations' components. 

With the exception of maintenance 
functions and those water works using 
air lift need for com 
pressed air was confined to pipe test- 
ing, caulking operations, and minor 
control systems that required one or 
two small capacity, light duty com 
pressors of perhaps 0.5 horsepower 


pumps, the 


each. 

Now, however, the ever-increasing 
recognition of compressed air as a 
safe, simple, and dependable mode of 
power has caused its application to 


spread throughout the entire pumping 
station, enveloping control devices of 
all types, aerating systems, soot blow- 


other associated 


ing, and a host of 
\ few of these 


water works activities 
applications are briefly revi wed here 
to show what compressed air can do 
better and cheaper for the water 
works operator 


Air Lift Pumping 


If air lift pumping is not the oldest 
compressed air application in the 
water works, it certainly must be close 
to the oldest such application. Suc 
cessfully used for many years in a 
: stations, this unit is by 
no means obsolete. It still finds wide 
acceptance in deepwell areas where 
long-shafted vertical turbine and sub- 
mersible wet pit pumps are impractic al 
or uneconomical 

Its chief advantages are that it has 
no submerged wearing parts to be 
affected by abrasives suspended in the 
water, and crooked well shafts do not 
materially affect its operation. Water 
contamination by the pumping me- 
dium is practically nil, thereby re- 
ducing the filtration and purification 
requirements to a slight degree. 

Furthermore, because the power 
source is centralized and may consist 
of a single compressor and motor to 


number of 
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handle a group of wells, installation 
costs are lower. On the other hand, 
to provide an individual mechanical 
pump and motor for each well of a 
field sometimes results in numerous 
substations a considerable distance 
from each other. With air lift pumps 
and a centralized power source, ac- 
cessibility and maintenance problems 
are simplified 


Aeration Uses 


Where aeration figures prom 
inently in conditioning the water, com 
pressed air offers real possibilities. 

[wo of the more important con- 
siderations in efficient aeration are 
(a) the amount of air-water surface, 
and (b) the duration of the air-water 
contact time. Since air at a given pres- 
sure can be made to pass through 
smaller pipe openings than water at 


the same pressure, the air can be 





7 — VPs — Pa) 
oa CP, 


T= Time receiver will sup- 
ply air from upper to 
lower pressure limits, in 
minutes. 

V = Volume of receiver, in 
cubic feet. 

P, — Atmospheric pressure, 
in pounds per square 
inch absolute. 

P, — Maximum tank pres- 
sure (compressor dis- 
charge pressure), in 
pounds per square inch 
absolute. 

P,— Minimum tank pres- 
sure (pressure required 
to operate tool), in 
pounds per square inch 
absolute. 

C=Air required (from 
study of load cycle), in 
cubic feet per minute. 











Fig. I—PROTECTION provided by com- 


pressed air system in event of power outage 
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broken up into countless small bubbles 
that will present a maximum air- 
water surface ratio. Of additional im- 
portance is the fact that an air bubble 
will require a longer time to reach the 
liquid surface than will a sprayed 
water droplet to fall back to the 
water. The contact time between the 
water and air, therefore, is increased 
substantially, providing better aera- 
tion. The obvious advantages of con- 
trol pressure variation in such a 
system immediately open up new pos- 
sibilities in aeration control. 

It is conceded that the greater the 
air pressure, the greater will be the 
volume of air flow. But greater air 
flow also means increased aeration 
taking place. If, then, instruments 
could be used to periodically measure 
the condition of the water, automatic 
control of aeration could be achieved. 
On dictation by the instrument meas- 
uring the condition of the water, the 
volume of air for aeration could be 
varied to meet the immediate require 
ments of the water conditioning sys 
tem. 

cold 

type 
extent 


instances severely 
weather will influence spray 
aeration systems to such an 
that the use of compressed air is an 
absolute aeration is to 
retain its efficiency. Seasonal and per 
haps daily changes in aeration re 
quirements are easily handled with 
compressed air. 


In many 


necessity if 


Filter Cleaning 


Filter beds, too, can be reactivated 
faster by means of air under pressure. 
Speed of reactivation is a vital factor 
in the warm months when water con- 
sumption is at its peak and the shut- 
down time of a filter bed for cleaning 
must be at a minimum. 

Low-pressure air for agitation of 
the sand will reduce backwash time 
considerably. The same air system 
that is used for maintenance can be 
used here also. It only becomes neces- 
sary to install pressure regulating 
valves immediately before the air dis 
tribution pipes in the filter beds. A 
reduction of the air pressure to about 
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Stationary and portable air compressors, maintenance and construction equipment 


Main Office and Factory—West Chester, Pa. ° Sales Offices and Representatives in Principal Cities 


SCHRAMM STATIONARY AIR COMPRESSORS 
% to 150 Horse Power 


Vibrationless Multi-cylinder Schramm Compressors can 
be installed without expensive foundations—and driven 
by any type of electric motor, gasoline or Diesel engine. 
Pressure lubrication to bearings with completely en- 
closed system. Balanced reciprocating parts mean longer 
bearing life. Mechanically operated poppet-type intake 
valves last as long as the compressor. Schramm-engi- 
neered cooling systems permit continuous operation for 
long periods without maintenance. First cost is low— 
installation cost is low. Schramm units are rated in 
actual free air delivered while compressing to 100 psi and 
are available in the following capacities: 50, 105, 210, 
315, 420, and 600 cfm at 100 psi. Send for Catalog: 5510 


HEAVY PNEUMATRACTOR AND BACKHOE 


The Schramm Backhoe, mounted on Heavy Pneuma- 
tractor, is the most powerful backhoe made for a wheel 











tractor. Because of its hydraulic action and control by 
two levers, it digs much faster than the more expensive 
cable-operated backhoes with multi-lever control. It is 
the only tractor type backhoe powerful enough to operate 
as a shovel. With buckeis available from 12 to 36 inch 
widths, you can dig to a depth of nine feet six inches. 
Tampers and shovel buckets can also be installed on the 
backhoe, making it the most versatile tool of its kind. 
Full details in Catalog 5540. 


HEAVY PNEUMATRACTOR AND FRONT END 
LOADER 


The Schramm Front End Loader, mounted on Heavy 
Pneumatractor in combination with the Schramm 
Backhoe, makes the Pneumatractor a complete digging 
and materials-handling machine. It will do an endless 
variety of jobs—loading, digging, bulldozing, grading, 
tamping, lifting, sweeping. Standard attachments are 
furnished by Schramm, including a portable scaffold 
which lifts to 13 feet above ground. The Schramm Front 
End Loader has hydraulic action to the bucket, hydraulic 
action to raise and lower the loader frame, and hydraulic 
action to the blade, boom, and other attachments. Com- 
plete description in Catalog 5540 


SCHRAMM PNEUMATIC 
SUMP PUMP for water or 


SCHRAMM STANDARD PNEUMATRACTOR...a complete, mobile 


air compression plant semi-liquids 

The Schramm Sump Pump is high 
in pumping capacity—low in air 
consumption. You can use it to 
remove clear water, mud, sludge, 


One man drives this complete air com- 
pressing plant right up to the job—and 
operates it. It supplies 125 cfm of com- 
pressed air at 100 psi—for continuous 


operation of rock drills, paint sprayers, or raw sewage at the rate of 410 
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paving breakers, diggers, backfill tamp- 
ers and other air-operated tools. You 
can convert Pneumatractor, right from 
the instrument panel, to a wheel tractor 
Easily installed attachments make it a 
machine-of-all-work from sweeping to 
plowing snow. Send for Catalog 5545 
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gpm with a 10-foot head. Weigh- 
ing only 55 pounds, it is easy to 
move from point to point. The 
Schramm Sump Pump is small 
enough to pass through a 12-inch 
dia. hole. Send for your copy of 
Bulletin SP-55. 





10 pounds per square inch is adequate 
in most plants. 

With a cleaning pressure of 10 
pounds per square inch, and a plant 
air system with a pressure of 100 
pounds per square inch, only a small 
air receiver is required to store suf- 
ficient air for a cleaning cycle. For in- 
stance, a 90 cubic foot receiver hold- 
ing air at 100 pounds per square inch 
would supply approximately 420 cubic 
feet of air at 10 pounds per square 
inch. 

This ability of the compressed air 
system to store up power by means of 
air receivers is one of its most out- 
standing features. Extra large storage 
tanks can provide air to operate con- 
trols, valves, and other vital com- 
ponents for minutes after a power 
failure has shut down the electric 
system. The equation in Fig. 1 can 
be used to check the plant system to 
see how well it protects against emer- 
gencies. 


Flocculation 


Most flocculation processes require 
rapid mixing at the beginning, with 
the mixing diminishing as the process 
approaches the end of the cycle. In 
many instances the speed of the proc- 
ess must be altered to suit a special 
treatment, a condition that is partic- 
ularly well handled by compressed air. 

Consider an aerator-flocculator sim- 
ilar to that shown in Fig. 2. It con- 
sists of a compressed air header, A, 
which emits a controlled air stream. 
Che air causes the water and floccula- 
tion material to swirl in the tank, with 
baffles B and C directing the move 
ment of the water to assure correct 
mixing. Aeration and flocculation take 
place simultaneously, 
varied easily for current water condi 
tions by either automatic or manual 
means. With automatic operation, the 
personal equation of error is reduced, 
if not eliminated entirely, offering a 
foolproof system. 


and can be 


Reduced Contamination 


The complete absence of moving 
parts in this, as well as the aeration 
systems, is particularly attractive 
from the standpoint of maintenance. 


Furthermore, contamination of the 
water is practically non-existent. 
Aftercooling and separating devices 
remove entrained impurities from the 
air stream prior to its reaching the 
distribution point. Filters are avail- 
able that will go further in cleansing 
the air by removing fine dust particles, 
and even undesirable odors. 
Completely oil free air, through the 
use of carbon ring, non-lubricated 
compressors, will further preclude the 
possibility of water contamination and 


Fig. 2—AERATOR-FLOCCULATOR operated by compressed air 


clogging of delicate control instru- 
ments by lubricating oil. The cast-iron 
piston rings are replaced by segmental 
carbon rings sliding on a honed cylin- 
der bore that requires no lubricant. 
Piston rod packing is also made up 
of carbon rings (sometimes hemp), 
and positive protection can be had by 
inserting an extra long housing be- 
tween the cylinder and the compressor 
frame, So that no part of the rod 
which enters the crankcase also enters 
the cylinder. \ collar on the rod pre- 
vents oil from creeping along it into 
the cylinder packing box and bore 


Chemical Handling 


The special construction mentioned 
in the preceding paragraph is some- 
times necessary on compressors en- 
gaged in chemical transmission, par- 
ticularly that type known as tank car 
unloading. Here the compressed air 
is piped to the top of the tank car, 
forcing the liquid inside to leave the 
car through another pipe extending to 
the bottom of the tank. This latter 
pipe is connected to the storage tank 
in the area of use, so that the liquid 
chemical is rapidly moved from place 


Fig. 3—NON-LUBRICATED instrument air compressor of heavy-duty type capable of deliver- 
ing 1,245 cubic feet per minute of 60 psi discharge. 
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Fig. 4—STEAM-DRIVEN compressors on air lift pump service in a large southern city 
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Maintenance Tools 
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all facilitated by compressed air 
equipment at the site 

Pumping out water-filled excava- 
tions can be accomplished by portable 
units operating miniature air lift 
pumps. Maintenance of the equipment 
is thus kept to a minimum; large 
stones, gravel and broken concrete are 
easily handled without fear of blade 
or piston breakage as would be the 
case with centrifugal or reciprocating 
liquid pumps 


Miscellaneous Uses 


Compressed air does not stop with 
those functions directly concerned 
with pumping or treating water. 

Boiler feed control instrumentation, 
blowing, boiler tube cleaning, 
removal all can be handled 
with compressed air 


soot 
and ash 
automatically 

Carbonaceous material adhering to 
boiler tubes must be blown off if the 
steam generator is to perform at peak 
efficiency. Compressed air, although 
having a somewhat greater initial cost 
in some cases, permits the use of low 
temperature, uninsulated piping and 
does away with the waste of high- 
pressure steam. Compressed air soot 
blowing also has a lower operating 
cost than a steam cycle. 

Control and instrumentation 
belong among the water works com- 
ponents serviced by compressed air. 

Exceptional sensitivity, dependa- 
bility, and low cost have all con- 


also 


tributed heavily to the use of air 
controlled and operated chlorinators, 
traveling screens, chemical mixers, 
boiler feed pumps, water pump dis- 
charge valves, and similar station 
equipment. By means of Bourdon 
tubes, bellows, and diaphragm needle 
valves, all air activated, pressure 
changes within a system are quickly 
picked up and magnified, so that sensi- 
tivity of less than one per cent is 
easily achieved 


A Versatile Tool 


From street pavers to such simple 
functions as blowing the dust from a 
workman’s bench, compressed air oc- 
cupies a prominent position in the 
water works field. But with all its in- 
herent ruggedness and built-in long 
life, the compressor must rely on the 
consideration of the operator and en- 
gineer to offer its maximum effi- 
ciency. 

Intake filters to keep the cylinders 
free from abrasive dust; the proper 
amount and temperature of jacket 
cooling water (on water cooled units ) 
to prevent overheating and moisture 
condensation ; aftercoolers, separators, 
and traps to insure clean dry air being 
supplied to the end point; air re- 
ceivers for storage purposes and 
pulsation damping ; and a strict main- 
tenance schedule that will assure peri- 
odic inspection of the compressor, 
inside and out, are all vital to the 
proper operation of the compressor. 





Fluoridation by Automatic Control 


Treatment can be accurately recorded and controlled 
by means of an electrical conductivity instrument 


by KENNETH F. KNOWLTON 


Superintendent-Chemist, Salem and Beverly Water Supply Board 


METHOD has been developed 

for continuously monitoring the 
fluoride content of the water treated 
in the North Beverly, Mass. filtration 
plant of the Salem and Beverly Water 
Supply Board. The author described 
the new development in a paper pre- 
sented before the New England Water 
Works Assn. in 1953. 

Additional data concerning the 
monitoring of fluoride has been ac- 
cumulated and, more recently, the 
equipment has been adapted to actual 
control of the fiuoride dose. The open- 
ing paragraphs of the author’s earlier 
paper’ describes the equipment and 
principles employed. 


Electrical Conductivity Method 


“Adaptation of the use of electrical 
conductivity is the basis of the method 
of fluoride recording which was used 
in this study. We all know when salt 
is added to water, an electric current 
will pass through the water more eas- 
ily than it would without the salt. Any 
material which ionizes in water will 
show this same characteristic to some 
extent, and instruments have long 
since been developed to measure mi- 
nute changes in the electrical conduc- 
tivity of water. Procedures and 
definitions have been adopted for dis- 
cussing these phenomena. 

“Electrical conductivity is the re- 
ciprocal of electrical resistance, or one 
divided by resistance, expressed in 
ohms (1/ohms). 

“The word ‘mhos’ (ohms _back- 
wards) is used to express units of con- 
ductivity. Specific conductivity is the 
conductivity at a given temperature of 
the material under test, as measured 
by two platinum plates, each one 
square centimeter in area and placed 
one centimeter apart. Since the con- 
ductivity is usually low (resistance 
high), we normally speak of micro- 
mhos, or units of a millionth of a 
mho. 

“In the measurement of fluoride, 
arrangements are made to determine 
the specific conductivity of the water 
before fluoride addition and again 
after the addition of the chemicals. 
At Salem-Beverly the base conduc- 
tivity of the water is in the order of 
145 micromhos at 25°C. 

“Since both sodium fluoride and 


North Beverely, Mass. 


sodium silico fluoride ionize in water, 
there is a change in the conductivity 
of the water when they are added. If 
measurements are delicate enough and 
all other factors, except the added 
fluoride, can be eliminated, we have 
a good method for adaptation to con- 
tinuous analysis for the amount of the 
material which is added to the water.” 


Two Standard Cells Used 


The heart of this system lies in the 
conductivity cells used to measure the 
electrical conductivity of the water 
before the fluoride is added and after 
the fluoride is added. 

Fig. 1 is a photograph of a stand- 
ard industrial type of carbon cell 
which is being used. These cells are 
made so that they may be inserted 
through the side of the pipeline and 
operate against 150 psi pressure, or 
they may be inserted directly into 
tanks or other vessels. 

Fig. 2 is a schematic diagram 
illustrating the installation at the 
Salem-Beverly filtration plant. One 
conductivity cell precedes the fluoride 
addition, the other follows it at the 
greatest possible distance—to insure 
that adequate mixing will have taken 
place. Leads from these cells connect 
to the conductivity difference recorder 
and controller unit located in the lab- 
oratory building. Also included in 
this unit is a temperature recorder. 
The cabinet containing the conductiv- 
ity recorder and temperature recorder, 
installed in the filter plant laboratory, 
is shown in Fig. 3. 


Problems of Interference 


There are several real and potential 
interferences which must be consid- 
ered when using this method. Those 
which we have investigated are de- 
scribed below. 

Temperature—Conductivity is very 
closely related to water temperature, 
and it is necessary that both conduc- 
tivity cells operate at the same tem- 
perature or at a constant differential 
in temperature between the two cells 
so that the temperature effect may be 
balanced out. 

The original installation included a 
temperature difference recorder which 
was operated for a sufficient period of 


time to show that there were very 
minor changes in temperature between 
the two cells, as was to be expected 
where they were installed in a single 
pipeline. After this information was 
obtained, the temperature instrument 
was changed to a straight temperature 
recorder giving the temperature of the 
water flowing through the plant. 

Our instrument does not compen- 
sate automatically for base tempera- 
ture changes in the water, and there- 
fore it is necessary to use a correction 
curve for temperature when convert- 
ing readings trom electrical conduc 
tivity to fluoride. 

Lime—Hydrated lime was being 
applied to the filter effluent for the 
correction of pH. This chemical is 
very slowly soluble in water and was 
fully expected to give erratic results 
on the fluoride recorder, since it 
would not be in complete solution as 
it passed the two electrodes. 

Actual trial with the installation for 
a very short period of time showed 
this assumption to be correct. It was 
found necessary to transfer the ap- 
plication of lime to a point ahead of 
the filters, thereby assuring that the 
chemical was in complete solution at 
the time it reached the conductivity 
cells. 

We have not experienced any op- 
erating difficulty in the altered appli- 
cation of lime, although at higher 
doses we would expect some dissipa- 
tion of color before the water was 
filtered. 

Calgon—Calgon is used for corro- 
sion control and is applied to the filter 
effluent ahead of the fluoride conduc- 
tivity cells. The point of location of 
Calgon was transferred to a point 
more remote than previously from the 
upstream conductivity cell. 

This chemical is fed as a solution 
and has very little, if any, effect on 
the performance of the fluoride re- 
corder. On several occasions Calgon 
feed has been started, stopped, and 
changed in rate with barely percepti- 
ble changes on the chart record of 
fluoride concentration. 

Chlorine—Chlorine is applied to the 
water at various points im the treat- 
ment process during different seasons 
of the year; the dosage varies as 
needed. A usual point of application 
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is to the filter effluent. Chlorine has 
had very little, if any, effect upon the 
sensitivity or accuracy of the fluoride 


recorder. 

Aluminum—Megregian and Maier* 
have described various substances 
which interfere with the colorimetric 
test for fluoride. Prominent among 
these is aluminum. 

Che interferences attributed to alu 
minum have been virtually duplicated 
in trials at our own laboratory. Since 
aluminum is considered to interfere 
because it forms a complex with the 
fluoride ion, it is conceivable that 
aluminum will affect the results shown 
by conductivity difference. This is a 
matter which should have more de 
tailed study 

We are not certain as to whether o1 
not it affects our results. It appears 
that if there is any effect from alu 
minum in the filtered water, it would 
not be greater (and probably would 
be less) than would be indicated in a 
colorimetric chemical test for fluoride 

Silica—As described by 
and Dobson’, there is some question 
as to the interference effect of silica 
sodium silico fluoride 
other forms in the 


I sal CC ck 


(contained in 
or present in 
water ). 

On several occasions during the past 
six months we have experimented 
with activated silica as an aid to coag- 
ulation. At times we have considered 
that there might be some effect from 
this added silica upon the action of 
the conductivity However, 
in most cases the silica treatment was 
used in order to reduce the residual 
alum in the filtered water, and it may 
have been the change in the aluminuin 
concentration which was indicated on 
our chart. 

Incomplete solution of fluoride salts 

We believed that our original setup 
of equipment provided adequate de- 
tention capacity, in the dissolving 
chamber and in the pipeline, to insure 
complete solution of the fluoride salts 
before they reached the conductivity 
cell. There have been a few occasions, 
especially in cold weather, when there 
has been some doubt as to whether 
all of the sodium silico fluoride was in 
complete solution at the time the water 
passed the second conductivity cell. 


recorder 


General Operating Conditions 

This method of recording the con- 
centration of a chemical compound in 
water is extremely sensitive, and it 
was expected to show some drifting, 
or hunting, of the pen on the record 
chart. Quite extensive drifting did 
occur, and studies were made in an 
attempt to relate it to cycling of chem- 
ical feeders, filter rate controllers, or 

















Fig. |—CONDUCTIVITY cell of standard industrial type is employed 
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Fig. 2—SCHEMATIC diagram of the fluoride concentration recorder installation 


other phenomena throughout the 
treatment plant. 

These studies were not successful in 
locating any specific reason for the 
fluctuation of the pen arm. We con 
cluded that it might be impossible to 
get a smooth curve on the chart in 
filter plant operation where many 
chemicals were used and where the 
flow rate was subject to change from 
time to time. 

The neighboring town of Danvers, 
Mass., was also using sodium silico 
fluoride to treat its water. The water 
is drawn from a pond and fluoride is 
added ahead of the high lift pumps. 
[he only additional chemical treat- 
ment is chlorination, which is applied 
after pumping. The conductivity in- 
strument was moved to Danvers for 
a test run. It was certain that the 
water would be of constant quality 
and the fluoride salt would be com- 
pletely in solution at the time it passed 
the second conductivity cell. 

In the Danvers test, hunting of the 


pen was considerably reduced and th« 
zero location remained much more 
constant. This indicated that where 
the water supply is constant, an ex 
cellent record could be obtained of the 
fluoride concentration. After the trial 
run at Danvers, the instrument was 
returned to the laboratory at the 
Salem-Beverly filtration plant. It ha 
operated for several months, requit 
ing little maintenance, and has pro 
vided a useful record of the 
fluoride concentration in the water 


very 


Improved Instrument Installed 


A new instrument, including a 
pneumatic controller, was installed in 
the laboratory on February 24, 1954 
Che equipment is illustrated in Fig. 3 
Before connecting the control mech 
anism, the new instrument was used 
for some time only as a recorder 
(similar to the original instrument ) 
Hunting of the pen was still some 
what of a problem, but finally wa 
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solved by an adjustable instrument 
modification. This change did not 
reduce the sensitivity of the instru- 
ment, but did eliminate the wide 
swing of the pen arm. The instrument 
then provided neat, readable record of 
fluoride concentration in the treated 
water. 

lhe necessary components were 
then assembled for a system to com- 
pletely control fluoride application 
from the recorder-controller unit. 

Che system used in this arrange- 
ment consists of a pneumatic con- 
troller integrated with the recording 
mechanism, The pneumatic controller 
transmits an air signal (which is in 
proportion to the fluoride concentra- 
tion) to a pneumatically controlled 
valve located in the discharge line 
from the solution pot of the fluoride 
feeder. Whenever the fluoride con- 
centration in the water falls below the 
index point set on the controller, air 
pressure is built up. The air pressure 
opens the control valve and discharges 
more fluoride solution, thereby bring- 
ing the system back into balance. Con- 
versely, if the fluoride concentration 
increases above that point set on the 
instrument, the valve automatically 
closes sufficiently to bring the system 
back to balance 

It is necessary, of course, that the 
fluoride feeder operate at a rate suffi 
cient to meet the maximum fluoride 
demand at the maximum rate of water 
treatment. The controller will success- 
fully prevent any over-dose of fluo- 
ride and will maintain the fluoride at 
the point set, so long as the feeder 
actually supplys the necessfry chemi- 
cal to the system. If anything should 
prevent the feeder from applying the 
chemical in amount sufficient to main- 
tain the fluoride concentration at the 
desired rate, the recorder chart shows 
the actual fluoride concentration. 
When the reaches a 
point below that desired, a light ap- 
pears on the indicator panel. Both the 
light and an alarm system can func 
tion if desired 


concentration 


Relays Control Feeder Operation 

\ change was also made in the 
operation of the feeder. The fluoride 
feeder is now started and stopped by 
a system of level relays operated by 
electrodes in the solution chamber. By 
means of a solenoid valve, these elec- 
trodes will shut off the water supply 
to the solution chamber and also stop 
operation of the fluoride feeder when 
the water level in the solution pot 
reaches a point slightly below the 
overflow level of the chamber. When 
the level in the fluoride solution pot 
drops to a predetermined point, the 
second electrode causes the feeder and 
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the water supply to start again. 

The actual mechanics of pneumatic 
control have been discussed more 
thoroughly by Babcock* °. At our fil- 
tration plant, we have experienced no 
trouble with the pneumatic system, 
and the electronic system has required 
little maintenance with the exception 
of two or three burned out tubes in 
the early part of development. It has 
not been necessary to change a tube 
for at least one year. 

The one source of difficulty in mak- 
ing automatic control function was 
the proper operation of the valve end 
of the pneumatic control system. In 
order to secure accurate control of the 
flow of the fluoride solution, a very 
small valve of the needle type was 
required. Considerable experimenta- 
tion was necessary in order to keep 
this valve from plugging. We eventu- 
ally found that mounting the valve on 
its side prevented the deposition of 
any insoluable material under the 
valve seat. Since the valve has oper- 
ated by automatic control, there has 
been no accumulation of material 
which has stopped the flow. We 
found that the plant operators had 
been using a broom to clean up small 
amounts of fluoride chemical around 
the loading hopper in the storage 
room, and occasionally a broom 
straw would break off and go 
through the feeder. The straws form- 
erly had passed through the system 
without giving trouble but they were 
unable to pass the small needle valve 
of the pneumatic control system. We 
no longer use the broom. 


Charts Illustrate Operation 

Three typical charts are repro- 
duced to illustrate the operation of 
the pneumatic control instrument. 
Fig. 4 is a chart recorded after the 
drifting pen problem had been solved, 
indicating that there is much less 
“painting” of the charts than was 
evident in charts reproduced with 
the original paper’. At the time this 
chart was the intrument 
was not operating on automatic con- 
trol, but was merely recording the 
fluoride which was being added to 


recorded, 


the water. 

It will be seen that there are vari- 
ous ups and downs in the record; 
the variations are caused by the flow 
rate through the effluent line increas- 
ing and decreasing, without changes 
being made in the fluoride feed rate. 
At 10:15 A. M., the stilling box in 
the fluoride solution pot was cleaned, 
thus introducing a fairly heavy con- 
centration of fluoride to the chamber 
for a short period of time. 

Later, at 10:45, the flow rate 
through the effluent pipe was re- 


duced while two filters were being 
washed. Again the fluoride concen- 
tration in the effluent was increased. 
After these two clean filters went 
into service, the flow rate was in- 
creased to some extent and the fluo- 
ride concentration was somewhat 
ower than previously. 

Still later, at 11:00 P. M., filters 
were shut down for various periods 
of time while five of the filters were 
washed. During this severe reduction 
in rate, the fluoride concentration 
was increased to approximately two 
parts per million, for a period of only 
10 minutes. 

Fig. 5 is a normal chart recorded 
after the instrument was operating on 
automatic control. It will be seen that 
upon starting in the morning there 
was a very slight “overshooting,” the 
instrument then steadied down the 
rate and held the dosage virtually 
constant throughout the day’s run. At 
9:25 A.M. the index pointer was 
moved down-scale for a short period 
of time to demonstrate its action to a 
visitor at the plant. At 9:45 P.M. two 
filters were out of service to be 
washed. There is a slight indication 
showing the distance by which the 
pen can leave the index setting before 
the instrument changes the fluoride 
dose, and returns the feed to the nor- 
mal rate. 

Fig. 6 is another chart recorded on 
a day when the instrument was con- 
trolling the fluoride dose. Again, there 
is evident a typical slight “overshoot- 


Table 1 
Automatic Fluoride Application 


Controller Setting 
(0.65 


7 F-applied 


July” 66 
79 0.7 


65 0.7 
72 0.7 
67 0.7 
.70 0.7/0.9 
.93 0.9 
.96 0.9 
07 0.9 
.99 0.9 
92 0.9 
74 0.9 
81 0.9 
78 0.9 
.96 0.9 


Average 0.82 0.82 


ing” when the plant started in the 
morning. On this day, some trouble 
was experienced with the agitator in 
the fluoride solution box at 7:30 A.M. 
and again at 1:45 P.M. The chart 
record shows that such occurrences 
can be noted very quickly by the oper- 
ator, and promptly corrected. At 3:45 





P.M. fluoride application was stopped 
by setting the valve to its closed posi- 
tion, using the manual control switch 
at the recorder; the amount of fluo- 
ride being added dropped to zero 
Upon restarting, the index point was 
set to a higher fluoride rate than pr« 

viously, and the instrument immedi 

ately maintained the fluoride concen- 
tration at the new index setting. 

It should be noted that all of these 
charts are recorded in terms of elec- 
trical conductivity difference. The ac 
tual fluoride content is determined 
from a curve of conductivity differ 
ence vs. fluoride for our water 


Operating Experience 


Our experience, extending over a 
period of eighteen months, with re- 
cording and controlling fluoride doses 
by means of an electrical conductivity 
at this equip 
method 


indicates tl 
satisfactory 
for operating this process in water 
treatment. Mechanical and 
electrical troubles have been at a mini 


instrument 
ment prov ides 


troubles 


mum, and the instrument assures ac 


curate control of fluoride dosage 

lable 
sodium silico fluoride applied during 
the first 15 days of 


cal is reported in terms of fluoride ion 


1 shows the actual amount of 


July. The chemi 
and is compared to the doses called 
for by the setting of the controller 

describe he 
difference in concept between this 
method and the usual method of 


gravimetric control of chemical feed 


It would be well to 


n gravimetric control, the chemical 


feed is actually 
chemical intended to 


set by the weight of 


be applied to a 
measured amount of water, and the 
feeder rate can be paced by the flow 
In the 


the flow of chemical applied is actually 


of water conductivity method, 
proportioned to the concentration of 


chemical in the finished water. Re 

gardless of the rate of water flow, if 
the concentration of chemical changes, 
the amount of applied chemical is 
automatically changed to balance con 
ditions as they exist in the water. The 
automatic controller method does give 
i check on chemical feeder 


available by the 


operati m 


which is not gravi 


metric method 
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Quick Freezing Small _— 


HEN curb valves on water services 
have to be replaced or when street 
widening makes it necessary to lengthen 
the service to the curb valve, it is a big 
advantage to be able to shut off the pres- 
Shutting off the corporation cock at 
erally involves too much dig 
to be practical unless it is 


ill ger 
und expense 


wal 


water works it has been com- 
tice for many years to tempo- 
eeze water in pipes to serve as a 
the line and prevent flow during 
inging or other repair and exten- 
wrk. I recall my father telling how 
a a about 4 in. square and a foot 
otches in the end to slip under 

and then fill with ice and 
he principal requirement for serv- 
freezing is stopping the flow dut 
at least cutting it down 
‘ which will permit freezing. In 
epiacing defective curb valves it is gen- 
cut the flow down far 


some 


t s 
pipe 
cess, or 


eral lly poss! le to 


enough 


Considering the simplicity and ease 
freezing it has always been 
irprising that it is not used oftener 

The use of dry ice (solid carbon diox- 
le) for pipe freezing probably dates from 
the time when this material first became 
Its principal advantage is that 
ld that it works amazingly fast 
Also it is clean to handle and is now 
btainable from almost any frozen 
itor or ice cream shipper 


yt service 


available 
it 1S SO ¢ 


isily o 
sematniie dilantin 
Simple Method of Freezing 
Serv ce Lines 
is a quick way to freeze water in 
The procedure is cer 
mple and fast. A piece of old 
t ibout 8&8 in. by 10 in. is cen- 
nder the pipe and then brought up 
tened together with wide and 
paper clamps. The rubber should 
stretched tight from end to end but 
id be a little loose so as to form a 
ke t areund the pipe—see cut 


‘ ry ice 


freezing a 4% in. pipe a piece of dry 
about as big as a tennis ball and 
ghing about one pound is ample. This 
laced in a cloth and then pounded into 
with a hammer, board or stone 
is then poures d into the rubber 
ut one-fourth pint of alcohol 
on top, the two ingredients 
wet mush which is so cold and 


‘snow” 
“st ow"! 


{1} Pound the dry ice into “snow” in a cloth; 


pour it into rubber pocket around pipe. 
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be: JOHN L. FORD 
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Suggested Arrangement for Freezing 
Vertical Pipe 


makes such good contact with the pipe 
that the water inside is quickly frozen. 
Any alcohol, anti-freeze or even rubbing 
alcohol can be used. Gasoline or naphtha 
are also satisfactory though these may be 
hard on the rubber. However, old tire 
tubes can be had for the asking at most 
service stations so the cost of the rubber 
makes no difference and gasoline may be 
more readily available than alcohol. 

When the flow in the pipe can be 
stopped entirely this procedure will freeze 
the water in a 3% in. steel pipe solid in from 
two to five minutes. With a flow of 1/30 
gpm. (about one-fourth pint per minute) 
the flow will stop in about the same time. 
This flow is more than a drip, coming 

ut of a smooth ended small faucet or 
small pipe as a steady stream about 1/16 
in. in diameter and breaking into drops 
some three inches below. The experiments 
on which these results were observed were 
made with water of about 65° F.; colder 
water would freeze a little faster. It takes 
several times as long to freeze a service 
with dry ice when no liquid is added 
Apparently this is because the liquid 


Ind. 


for Repairs 


makes better contact with the pipe and 
conducts the heat away faster. 

In actual work in the trench there may 
be a small drip from the valve which can 
be watched to see when the flow stops to 
indicate that the pipe is frozen. 

When there is no leak or drip to watch, 
the best procedure is to leave the valve 
closed for five minutes after the dry ice 
and liquid are poured around the pipe 
and then open the valve cautiously, keep- 
ing in mind that there will be a small 
amount of water under pressure between 
the ice plug and the valve which may 
deceive the operator into thinking the ice 
plug is not yet solid. If the flow continues, 
close the valve again before the water 
thaws much of the ice that has formed, 
and let the freezing action continue a few 
minutes longer and again try for flow. 

After the pipe is frozen solid it will 
remain so as long as there is any dry ice 
left in the envelope and more can be 
added if desired. After the necessary 
piping changes have been made the rubber 
is removed and warm water can be poured 
on the pipe to thaw it, or a torch can be 
used. The rubber can be re-used many 
times and the expense of this method is 
only 15 cents for material. The time re- 
quired is only a few minutes in most 

cases. There is no damage to any kind of 

pipe by this process, but of course dry ice 
should never be handled with the naked 
hand. 

If the flow cannot be reduced to about 
half a pint per minute the pipe cannot be 
frozen as mentioned above because the 
warm water passing through keeps a 
small opening melted through the ice. A 
longer pocket providing more contact 
would doubtless freeze a greater flow but 
it is obviously impossible to stop large 
flows unless means are available to reduce 
the leak to a rate that will freeze within a 
reasonable time. 


A Warning 

A word of warning should be added 
about the use of dry ice. The carbon 
dioxide given off is not poisonous but it 
can cause suffocation and even death. The 
small amount used in pipe freezing and 
the natural ventilation available makes the 
danger in this work almost negligible 
There is little fire hazard with alcohol 
or gasoline during the freezing because 
the concentration of carbon dioxide and 
the low temperature of the liquid prevent 
ignition. 





(2) Pour about one-fourth pint of alcohol 


or gasoline on the “snow” and stir to mix. 


(3) After 3 to 5 minutes the water in pipe 
is frozen solid; the repair can be made. 
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EQUIPMENT DISTINGUISHING APPLICATION 
CHARACTERISTICS 


E-SEDIMENTATION 


Raking mechanism for circular Particularly adaptable where 

tank, designed to collect and turbidity exceeds 1,000 ppm. 

concentrate settled material to Use results in chemical sav- 

a central discharge cone. ings and reduced load on 
secondary basins. 


> 


High-speed, motor-driven mix- Whenever complete diffusion 
ing unit equipped with turbine- of chemicals through raw 


Flash Mixers type impeller for intense mix- water is desired instantane- 


in mixing chamber proper. 


From 0.5 to 40 MGD ing in few seconds. ously to avoid floc formation 
per unit. 


Bulletin No. 6971 


FLOCCULATION 


Dorrco ; Motor-driven revolving paddle Whenever finely-divided or 
Flocculator* ; wheel elements set in rectangu- | semi-colloidal solids are pres- 
, lar basin. Gentle mixing causes ent in raw water, the use of 

From 0.1 MGD up. build-up of uniform flocs of Dorrco Flocculators will in- 


excellent characteristics. crease plant capacity and re- 


Bulletin No. 6971 aN duce chemical consumption. 





RIFICATION 


Both center-shaft and center- Continuous removal of set- 
pier Dorr Clarifiers equipped tled solids from clarified raw 
with rotating raking arms for water, sewage or industrial 
round or square tanks. Dorrco waste. 

Monorake is a balanced raking 

mechanism for use in rectangu- 

lar tanks. 

Dorr-Oliver equipment and methods are protected by apparatus and process patents 
issued and pemling in the United States and other countries. Copyright 1952 The 
Dorr Company, Printed in U.S.A. Reprinted 1956 by Dorr-Oliver Incorporated 





EQUIPMENT DISTINGUISHING 


CHARACTERISTICS 


APPLICATION 











COMBINATION UNITS | ceee 


ie 
i 





Complete, self-contained high- 


F 0.2 te 30 MGD rate unit providing for floccu- 
per unit. 


lation, thickening, clarification 
and positive sludge removal in 
Derrco 


a single tank. 
Clariflecculator * 


See sewage and indust 


Normally consists of two or 

more Dorr pre-treatment mech- 

anisms each surrounded by an 
From 0.1 to 5.0 MGD annular rapid sand filter. 
per 


Bulletin No. 9042 





| ION-EXCHANGE cocccece 





Uses base or cation exchange 
resins for continuous softening. 
Resin is continuously 
ated with brine. 


Dorrce Hydro- 
Softener 
From 75 to 800 GPM. 
Bulletin No. 4083 


regener- 


For softening, color or low 
turbidity removal. 


e*eeseee#ee#ee#es 


rial waste 
eeese 


treatment. 
eeee 


For chemical pre-treatment 
followed by sand filtration to 
remove turbidity, and 
hardness. 


color 


For softening comparatively 
clear water to make it satis- 
factory for usual 
needs. 


domestic 








SCREENING AND GRINDING | 





Mechanically operated auto- 
matically activated unit con- 
sisting essentially of bar racks 
cleaned by motor-driven rake. 


Bar Screen 
Up to 75 MGD per 


Bulletin No. 6400 


Dorrco Sulzer 
Disintegrator 


60 cu. ft. of screen- 
ings per hour. 


Bulletin No. 6400 


Motor-driven, heavy duty 
screenings macerator. Consists 
of low-head pump with fixed 
and rotating cutting blades 
arranged in front of a per- 
forated screenings plate. 





| GRIT REMOVAL | +++ ee- 





Dorr Detritor* 


From 0.25 to 140 
MGD per unit. 


Bulletin No. 6411 


Continuous, mechanically oper- 
ated grit chamber consisting of 
separate grit collecting and grit 
removal and washing mechan- 
ism. 





| CLARIFICATION |* +++" > 








See water purification. 


Every sewage and industrial 
waste treatment plant where 
removal of sticks, rags and 
other large solids is required. 


For the maceration of sewage 
screenings. Especially adapt- 
able in combination with 
Dorrco Bar Screen. 


For the removal of grit of 
65 mesh or coarser from raw 
sewage or industrial waste. 





EQUIPMENT 


DISTINGUISHING 
CHARACTERISTICS 


APPLICATION 








| TRICKLING FILTRATION | * « 





Dorrco 

Distributor 
From 6.1 to 27 MGD 
per unit. 
Bulletin No. 6300 


Iwo or four-arm rotary, self- 
propelled unit for even dis- 
tribution of liquid wastes over 
filter bed. 





| SLUDGE 


DIGESTION | coeee 





Dorrco Densludge 

Digestion System 
Combines Grit 
Washer, Densludge 
Thickener, Digester 
and Heat Exchanger 
to meet any sludge 
digestion problem. 


Bulletin No. 6262 


Incorporates Densludge Proe- 
ess (described below) with 
integrated digestion control 
system which reduces capacity 
requirements up to 80% over 
conventional methods. 








SLUDGE HEATING 





Spiral Heat 

Exchanger 
110,000 to 1,530,000 
BTU per hour rated 
capacity per unit. 
Bulletin No. 6281 


External element for heating 
of sewage sludge. Consists of 
two concentric spirals welded 
together to form alternate hot 
water and sludge liquor pas- 
sageways 





| SLUDGE THICKENING |- « « - 





Dorrco Densludge 
Process 


For plants treating 
from 0.5 MGD up. 


Bulletin No. 6260 


Clarification and thickening 


are carried out separately. Dorr 


Densludge Thickener produces 
a sludge with up to 50° 
volume 


less 








FILTRATION | a ea clas 





From 65 sq. ft. of 
filtering area in 
units to 


Low submergence drum type 
continuous vacuum filter avail- 
able in a variety of corrosion 
resistant material to meet any 
sludge dewatering problem. 





| COMBINATION UNITS | - 





Dorrco Vacuater* 
From 0.5 to 30 MGD 
per unit. 


Cylindrical tank with dome 
roof employing principle of 
vacuum flotation. Makes three 
product separation of floatable 
material, improved effluent and 
a sludge containing apprecia- 
ble quantities of grit. 





Equally applicable to low or 
high-rate trickling filter treat- 
ment for oxidizing organic 
matter in solutions. 


For digestion of organic solids 
from any primary or second- 
ary treatment flowsheet at 
maximum volume utilization. 


simple, high-effi- 
ciency and easily controlled 
means of externally heating 
contents of any digester. 


Prov ides 


For both activated sludge 
and trickling filter plants to 
increase digester capacity and 
other sludge handling facil- 
ities 


Removes 80% to 85% of the 
water from raw or digested 
sludges produced in any pri- 
mary or secondary treatment 
plant. 


For scum and grit removal 
ahead of primary sedimenta- 
tion; for complete primary 
treatment; for sole treatment 
in coastal areas. 





EQUIPMENT 


DISTINGUISHING 
CHARACTERISTICS 


APPLICATION 








| COMBINATION UNITS Cont'd. |- ++ > « 





Dorrco Clariflecculator 


From 0.1 te 10 MGD 
per unit. 


From 0.1 to 7.5 MGD 
per unit. 


Currie Claraetor 
Up te 25 MGD per 
unit. 


Bulletin No. 6581-C 


From 0.1 to 1.25 MGD 
per unit. 
Bulletin No. 7312 


Provides mechanical floccula- 
tion in inner compartment, clar- 
ification and positive sludge re- 
moval in outer annular com- 
partment. 


Contains cylindrical aeration 
chamber of steel with partially 
closed bottom, concentric with 
Clarifier. Standard sludge rak- 
ing mechanism. Air introduced 
by fixed diffuser tubes. 


Combination aerator and clari- 
fier with clarification taking 
place in round or square cen- 
tral compartment and aeration 
in outer annular compartment. 


Mechanically equipped two- 
story tank combining clarifica- 
tion in top compartment and 
controlled, separate sludge di- 
gestion in lower compartment. 


The “Duo” units are designed 
for two-stage treatment in a 
single structure. The Duo-Clari- 
fier provides primary and sec- 
ondary clarification in one 
tank; the Duo-Filter consists 
of two stages of filters arranged 
concentrically; the Duo-Clari- 
gester provides two stages of 
clarification plus separate 
sludge digestion in a single 
structure. 


For clarifying raw or chem- 
ically treated municipal and 
industrial wastes. 


For the preaeration of raw 
sewage. Grit or heavy solids 
will not interfere with opera- 
tion of uni. 


For the clarification and aera- 
tion of sewage or industrial 
wastes in the activated sludge 
process. 


Ideal for small sewage or 
industrial waste plants either 
as sole treatment unit or in 
combination with other treat- 
ment steps. 


Particularly adaptable for 
treatment of domestic sewage 
from small communities and 
isolated establishments with 
contributing populations of 
over 500 and industrial wastes 
requiring biological treat- 
ment. 








for more detailed information, write, wire or phone 
the nearest of the following offices .. . 


2631 University Avenue 
P.O. Box 149 (Englewood) 
6115 Berkshire Lane 

811 West 7th Street 

2900 Glascock St. 


St. Paul 4, Minn. 
Denver, Colo. 
Dallas 2, Tex. 
Los Angeles 14, Calif. 
Oakland, Calif. 

3104 Smith Tower 


Barry Place 

99 Park Avenue 

900 Peachtree 

1032 Midland Bidg. 

942 Merchandise Mart 
Seattle 4, Wash. 


Stamford, Conn 
New York 16, N.Y. 
Atlanta, Ga. 
Cleveland, Ohio 
Chicago, Ill. 


Dorr-Oliver 


INCORPORATED 


OFFICES, ASSOCIATED COMPANIES OR REPRESENTATIVES IN THE PRINCIPAL CITIE’ OF THE WORLD 
*TRADEMARK REG. U. S. PAT. OFF. 





@ swace or waste-water is a conse- 
quence of modern civilization and 
communal living. Its disposal with- 
out nuisance and threat to public 
health is mandatory on municipalities. 
Disposal without treatment to a re- 
ceiving body of water offers the sim- 
plest approach to the problem, but 
when the receiving waters cannot as- 
similate the waste without nuisance 
or menace to health, sewage treat- 
ment must be practiced. 

The treatment of sewage involves 
physical, biological, and biochemical 
processes organized under the unit 
process concept of chemical engineer- 
ing. These processes are carried out 
in structures designed by civil engi- 
neers and equipped with mechani 
cal devices, often operated and con- 
trolled by electricity. Flow of liquids 
follows principles of hydraulic engi- 
neering and operation control is by 
chemical and bacteriolegical tests. As 
in water works, the problems of fi- 
nancing, rates, and management are 
important. Therefore, it is obvious 
that the manager, superintendent, or 
operator but be a combination civil- 
mechanical-electrical-chemical-hy- 
draulic-automotive-engineer, chemist, 
bacteriologist and biologist, with some 
knowledge of insects, horticulture, fi- 
nance and statistics. 


Sewage Characteristics 

Sewage, the used water supply of a 
community, is almost entirely water, 
containing 0.1 per cent or less of im- 
purities, but it is this small amount 
of foreign matter which is so import 
ant and needs to be removed. These 
impurities may be dissolved, colloidal, 
or suspended solids consisting both 
erganic and inorganic matter. Sew 
e contains grit, garbage, paper, 
rags, feces, matches, urine, and var- 

us other matter which may come 
from the home or factory. So dilute 
is it, however, that these substances 
are seldom recognizable. In fact, sew 
age looks more like soapy dish water 
than anything but its minor 
content of impurities is both the rea- 
son for treatment and the source of 
all operating problems 


ag 


else, 


Stream Pollution 

Water receiving the organic and 
bacterial impurities in sewage has a 
limited capacity to “purify” itself, but 
this capacity is limited by the amount 
of dissolved oxygen present in the 
stream and the rate at which it can 
be dissolved to replace oxygen used 
up in the stabilization of organic mat- 
ter. If the organic load exceeds cer- 
tain limits the water becomes foul 
and nuisance conditions result. It is 
then that the matter of stream pollu- 
tion becomes a factor in determining 
the extent of sewage treatment re- 
quired before the are dis- 
charged. 


wastes 


Collection 

Water is delivered to customers 
through a distribution system. Used 
water or waste-water must be col- 
lected and removed from the users’ 
premises, and this collection is ac- 
complished by a sewer system, also 
called a sewerage system. The sewer 
system consists of house connections 
to lateral sewers, which lead to main 
sewers and thence to trunk sewers, 
from which in turn the sewage is col- 
lected by an interceptor (or inter- 
cepting for delivery to a 
treatment plant or to some body of 
water 

Each of these sewers is larger than 
the ones which run into it and must 
have a capacity sufficient to carry all 
of the sewage collected by the smaller 
sewers which it receives. In many 
older communities, storm water, street 
drainage and even roof drainage is 
discharged into the same sewers re 
Such an ar 
rangement is called a combined sys 
tem and presents many problems of 
treatment and operation. Modern de- 
sign practice provides two sewer 
systems wherever possible, one for 
and storm 


sewer ) 


ceiving sanitary wastes 


sanitary wastes one for 


waters 


Treatment 
The purpose of sewage treatment 
is to reduce the nuisance character 


R-225 


VI. SEWAGE WORKS OPERATIONS 


istics of the waste water and elim- 
inate the menace to health. Thus re- 
moval of the suspended matter, oxi- 
dation of organic matter and kiliing 
of bacteria the fundamental ac- 
tions involved in treatment. 


are 
sewage 

Primary sewage treatment consists 
of the removal of suspended and 
floating matter. Secondary treatment 
utilizes aerobic microganisms which 
oxidize and stabilize organ'c matter. 
The secondary treatment muy be ac- 
complished by trickling films of sew 
ge over exposed surfaces of rocks 
(as in trickling filters) or by blowing 
air through sewage containing clumps 
or flocs of microorganisms living and 


a 


growing in a mixture of fresh sewage 
and previously treated sewage. Many 
variations of these two methods of 
secondary treatment 

Disinfection or the killing of patho 
genic or harmful bacteria is practi 
cally a necessity where only primary 
sewage treatment is used. It 
used in many cases as a safety meas 
ure following treatment 
Chlorine is the chemical most genet 
ally used for disinfection. 

Solids disposal is an important 
part of sewage treatment. Heavy in 
ert solids such as sand, cinders, et 
can be easily disposed of as fill. Or 
ganic teeming with bacteria 
must be treated to reduce their nuis 
characteristics before ultimate 
T hese called 


subjected to 


Is also 


secondary 


solids 


ance 


disposal solids sludge 


are usually a biological 
digestion process from which a harm 
less residue (useful for soil condition 
Either raw or digested 
treated, de- 
watered, dried and burned if neces 


ing) results 
solids can be chemically 


sary 


Miscellaneous Operations 

Sewage treatment plant operation 
involves maintenance, laboratory con 
trol, management and good public re 
lations. There may also be problems 
of industrial wastes. Indeed, the sub 
ject of sewage treatment and disposal 
requires broad training and experi 
ence of those concerned with it 
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108 North Broadway 
AURORA, ILLINOIS 


Pumping, Sewage Treatment, and 
. Water Purification Equipment 
~ RESEARCH - ENGINEERING - MANUFACTURING 


Offices: Chicago * New York « Cleveland « Cincinnati ¢ Kansas City ¢ Sales Representatives throughout the World 





PROCESS .. . AND EQUIPMENT. . . FOR SEWAGE AND INDUSTRIAL WASTE 


ACTIVATED SLUDGE TREATMENT 
BIO-ACTIVATION PROCESS—a patented 


process combining and utilizing the 
qualities of trickling filters and activated 
sludge in two stages and in such a manner 
stage operates under optimum 
and at maximum efficiency 
Primary treatment is followed by high 
capacity filters and short period intermedi 
Here, initial high re 


movals of 


best 


that each 


conditions 


ate sedimentation 
Send for Bulletin 259-B 


A Typical Bio-Activation Plant 
MECHANICAL AERATION—Consists of a circulating pump with 
tube and hydrgucone assembly. As liquor passes 
bubbles of air are drawn in and intimate- 
[his mixture is ejected at high ve- 
Consequently, entrained air is dis- 


down-draft 


through the pump, fine 
with the sewage 
locity the tank floor 
tributed uniformly across the tank, and fine air bubbles, rising 
surface, supply sufficient oxygen to maintain the 
activated sludge For large installations, “AMERICAN” 
Aerators are installed in single, large tanks without dividing 
walls because the pattern of recirculation sets up hydraulic baf- 


fles between the units, thereby eliminating any possibility of short 


ly mixed 
across 
slowly to the 


process 


circuits 


Send for Bulletin 265-A 


FIXED TUBE DIFFUSERS 


with minimum maintenance 


reases efficiency of 
flexible sleeve 


in 
Use of 


Economically 
oxyeenation 
type couplings throughout allows easy installation or removal of 
at air inlet re- 
iron end 


E-ver-increasing cross-sectional area 
Porous tubes with gasketed 
rod make tight assembly. 

Write f 


any section 
cast 


duces friction loss 
overs and 


r wmformation 


Drive 
arms. In 


Jet Aerators also available 
Positive 


ROTARY DISTRIBUTORS—Reaction 

The Reaction type is manufactured with 2, 3, 4, 
general, the 3 arm distributor the advantage of minimum 
vind effect, low starting inertia, and perfect balance. The Posi 
type is rotated continuously independent of the sewage 
unit. It is under con 
variations in flow 


and Types 
or Oo 


has 


tive Drive 


In. } 


Tow ya used 


reduction 

of low available head and wide 

AMERICAN” Distributors are equipped with a patented dual 

oil seal which eliminates troublesome and costly mercury, protects 

bearing surfaces, and will withstand at least 10° of water pressure. 
Send for Technical Supplement “RD” 


motorized gear 


ition 
ditions 
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vated sludge is developed 
intermediate filter treatment which consid- 
erably reduces the strength of the primary 
effluent, the liquor can be readily handled 
by the activated sludge process without the 
usual upsets caused by exceptional condi- 
tions and shock loads 


BOD are obtained before sew- 
age is passed to aeration tanks where acti- 


Because of the 





Send for Technical 
Supplement TV on Tele- 
scoping Sludge Valve 


GRIT REMOVAL 


AMERICAN CAMP REGULATOR —an adjustable 
control to maintain velocity of sewage flow thru 
grit channels at optimum rate, regardless of rate 
of flow thru plant. 

Send for Technical Supplement “CR” 
GRIT CONVEYOR—single strand, drag type. 


Carries grit to hopper for washing and removal. 
GRIT HYDROWASH— crit washed free of organic 
matter by turbulent downflow recirculation of 
liquor in grit hopper. 

GRIT ELEVATOR—+tube type, totally enclosed for 
lifting well-drained grit to desired height. Manual 
or automatic operation. 


Send for Bulletin 249-4 


UNIT BAR 
SCREEN 


Mechanically 
Cleaned 
Completely 
Automatic 
with Exclusive Pivoted Rake Design 


SCREENING 


MECHANICALLY CLEANED BAR SCREEN AND 
GRINDER—designed for wide range of channel 
widths, settings, and arrangements. Grinder at- 
tached to sorting tray ... shredded screenings 
returned to sewage flow. 


Send for Technical Supplement ‘'MS"' 


PRE-TREATMENT 


GREASE FLOTATION UNIT—removes grease and 
oils, produces simultaneous aeration and agita 
tion, and oxidizes objectionable odors. 


Send for Bulletin No. 260-4 


Fig. 5500 Sludge Pump 


SLUDGE REMOVAL 


POSITIVE FLIGHT CONVEYORS—for rectangular 
settling tanks. 


CIRCULAR CLARIFIERS—for 


tanks. 


SLUDGE AND SEWAGE PUMPS—TFig. 5500 cut- 
ting type primary sludge pump. Fig. 5100 en- 
closed impeller type raw sewage pumps. Fig. 
5600 single vane impeller type sewage pumps. 
Fig. 3400 recirculation pumps. This line of 
horizontal and vertical pumps ranges in size 
from 3” to 18” inclusive, in capacity from 40 to 


10,000 GPM, and in head from 5’ to 85 


round settling 


Send for Bulletins No. 237-A, 250-A, 
253-A, 261-4 





Streams and Sewage Treatment 


Professor of Sanitary Engineering, 


A LARGE percentage of the water 
used by municipalities in the 
United States is obtained from sur- 
face supplies. It is necessary to con- 
trol in these surface waters the con- 
centration of constituents that make 
it impossible to prepare a safe and 
economical finished water. A consider- 
able amount of organic debris does 
enter streams, and must undergo de- 
composition if it is not to accumulate 
in prohibitive amounts. This discus- 
sion will review the factors affecting 
decomposition, as well as the im- 
portance of maintaining streams of 
high quality. 


Natural Purification in Streams 


The dec« ymposition that takes place 
when organic matter is discharged in- 
to surface water is sometimes con- 
sidered to be unnatural. In reality, de- 
composition is a normal method used 
by nature to reduce the concentration 
of solids remaining in water. 

If decomposition in streams is a 
natural procedure, it may well be 
asked, ““Why not let nature carry on 
in her own way?” This would be the 
very thing to do if decomposition 
could take place without harming or 
offending human beings. 

The public health is endangered 
when discharged organic wastes con- 
tain pathogenic bacteria. Organisms 
that live on or in the warm-blooded 
animals may be harmful to others of 
the same group. It is also known that 
few of the pathogens (disease pro- 
ducers) multiply in streams or lakes. 
Phelps! has reported that there is a 
rapid decrease in the disease organ- 
isms once they are discharged into 
surface waters. Table 1 shows the de- 
crease in numbers of organisms with 
time. 


by DON E. BLOODGOOD 


Furague Vey 


Che environment in a stream is not 
ideal for the growth of the disease- 
causing organisms. The decrease in 
bacterial numbers with time indicates 
natural purification of the water. It 
is not sate or advisable to depend upon 
natural purification, however, because 
during the period prior to death of the 
last pathogen some person may con- 
sume the water. If the water has not 
been made safe by treatment, the 
health of the user will be endangered. 

There is more involved in the na- 
tural purification of streams than the 
death of bacteria. Streams receiving 
sewage will contain organic solids as 
well as bacteria. It has been previ- 
ously pointed out in the preceding 
series that the decomposition of or- 
ganic matter in streams may cause a 
nuisance. This will occur if the avail- 
able oxygen is not adequate to meet 
the needs of a growth of bacteria 
sufficiently large to consume the or- 
ganic solids. When the concentration 
of solids in the water is /ess than that 
amount needed to support a growth of 
bacteria which will use the oxygen in 
the water faster than it can be re- 
placed from the atmosphere, then 
there will be dissolved oxygen remain- 
ing in the water. 





TABLE 1 


Death Rate of E. Coli 
in the Ohio River 





Warm Weather Cool Weather 


% Dying Days % Dying 
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Reaeration in Streams 

According to Phelps', Stearns 
stated in 1890 that stream flows of 
less than 2.5 c.f.s. per thousand sew- 
ered population was insufficient to 
prevent offensive conditiuns, and that 
a stream flow of 7 c.f.s. would prac- 
tically guarantee a satisfactory dilu- 
tion. 

Seven cubic feet per second is 37.7 
million pounds per day (7.0 c.f.s. > 
60 sec./min 1440 min/day X 7.5 
gal./c.f. * 8.33 lb./gal. -- 1,000,000). 
rhe B.O.D. per capita is .167 pounds 
or 167 pounds for one thousand per- 
sons. The solubility of oxygen in fresh 
water 9.2 ppm. at 68° F. In 37.7 mil- 
lion pounds of water there would be 
(37.7 < 9.2) 347 pounds of oxygen. 
If there were no reaeration of the 
stream (and there always is), 167 
pounds of oxygen would be used and 
(347 167) 180 pounds would re- 
main in the water. The dissolved oxy- 
gen content would be (180 -- 37.7) = 
4.5 ppm. 

\eration of the water in the stream 
takes place quite rapidly, particularly 
if the oxygen content of the water is 
considerably below the saturation 
point. Exposing a water surface to 
the air permits oxygen to enter the 
water very readily. It may be useful 
to think of the oxygen molecules as 
bullets flying around freely in the air. 
When they hit a water that is not 
saturated with oxygen they are not 
readily returned to the atmosphere. 
However, when the water becomes 
saturated, the rate of oxygen return- 
ing to the air is equal to the rate of 
oxygen entering the water. 


Oxygen Concentration Variation 


Turbulent water such as that flow- 
ing over rough stream beds, over 
dams, and in very shallow streams, 
1956 
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FLUSH-KLEEN 


More than 12,000 installed in 
lift stations, buildings and ships 


Flush-Kleen sewage ejectors can’t clog because 
rags never reach the impeller. Specially designed 
strainers in the discharge line retain all coarse mat- 
ter. Sewage flows over the strainer and through one 
of the pumps to the wet well. When the pumps 
operate alternately they pump only strained sewage. 
No rags or coarse material ever pass through the 
pump casing. Each strainer is automatically flushed 
clean during its pumping cycle. 


One of 11 Flush-Kleen sewage ejector lift stations installed in 
the City of Portland, Oregon. The discharge line has been cut 
away to show the strainer. These stations were designed by 
Stevens and Koon the Engineers for Portland Sewerage Project. 


Scru-Peller pumps are designed specifically for 
pumping primary sludge, are positive in opera- 
tion and truly clog-proof. 


Continuous multiple shearing action is provided 
by stellited cutting edges of the screw and eight 
stellited cutting bars positioned in the screw and 


pump housings. 


Heavy-duty ball bearings at each end of the screw 
and impeller shaft eliminate strain and vibration, 
permitting pump to withstand sudden and severe 


overload shocks. 


Three of the 27 Scru-Peller pumps installed at the Hyperion 
Sewage Treatment Plant, Los Angeles, California. Board of 
Public Works and Metcalf & Eddy, Engineers. 
Write to Department J 
Subsidiary of Food Machinery and Chemical Corporation 


3m SEWAGE EQUIPMENT DIVISION 
402 DIVERSEY PARKWAY © CHICAGO 14, ILLINOBS 


lush Kleen 1x . Bortsontal and em Water — 
oa punsing © ni p Tommon lates arose 8. - “4 
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readily picks up oxygen. In many in- 
stances where oxygen is being con- 
sumed by bacteria in oxidizing or- 
ganic matter, the oxygen is being re- 
placed from the air at a rate that 
maintains the dissolved oxygen at or 
near the saturation point. 

If the oxygen cannot be supplied to 
the stream as rapidly as it is being 
used, the oxygen soon disappears and 
the body of water is then said to be 
septic. Once a body of water has be- 
come septic the decomposition of or- 
ganic matter does not stop, but rather 
a different type of decomposition 
takes place in which the oxygen is 
obtained from the organic constitu- 
ents. Septic action is termed anaerobic 
decomposition. Anaerobic decompo- 
sition is usually taking place in the 
sludge banks that form in streams 
which receive organic polluting ma- 
terials. 

lhe quantity of oxygen that can be 
held in the water of a stream depends 
upon the temperature of the water. 
lhe salt content of water is also a 
factor that determines the concentra- 
tion of dissolved Table I] 
shows that the higher the temperature 
the lower the concentration of oxygen 
required for saturation, and the higher 
the salt concentration the lower the 
saturation point?. 


oxygen. 


The Stream Flow Factor 


Che Stearns figures on the rate of 
flow of a receiving stream and the 
quantity of sewage discharged cer 
tainly indicate that rate of flow is 
very important in determining the in- 
tensity of pollution. The amount of 
dissolved oxygen present in water is 
an indication of the severity of the pol 
lution. Table III gives data collected 
on White River below Indianapolis 
some years ago*®. It shows that the 
dissolved oxygen was as high as 11.8 
ppm when the flow in the stream was 
1471 c.f.s., and that it was as low as 
0.3 ppm when the flow was 324 c.f.s 
lable IIIT shows that rate of flow has 
an effect on the dissolved oxygen. 
There are other factors, such as 
temperature and B.O.D. load, that 
must also be taken into account if an 





TABLE Il 
Saturation of Water With Oxygen 





D.O. ppm 
2000 ppm 
chlorides 


Temp D.O 

F ppm 
32 14.6 11.3 
4) 10.0 
50 9.0 


8.1 


68 7 
77 6.7 








TABLE lil 
Stream Flow and Dissolved Oxygen 
White River, Below Indianapolis, Ind. 





Month Temp. 
1933 on 


January... 
February.. 
March 
April . 
May 

June 

July 
August 
September 
October 
November 
December 


Thousands of Flow in River 


Lb. BOD/Day 


D.O 


ppm c.f s. 


3337 
1471 
4494 
3559 
7494 
1036 
436 
436 
641 
454 
324 
415 


10.5 
11.8 
9 


2 
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exact mathematical relationship be- 
tween stream flow and dissolved oxy- 
gen is to be established. 


Temperature Factor in Streams 


An elevated temperature, in addi- 
tion to decreasing the amount of oxy- 
gen in water, also increases the ac- 
tivity of microorganisms that are de- 
composing organic matter. The re- 
sult is that oxygen is used more rap- 
idly in the summer than in the winter. 
lable IV illustrates the relative rate 
of decomposition at several tempera- 
tures*. The figures in the table show 
that the rate of decomposition at 62 
I. is twice as fast as it is at 35° F. 


Stream Quality and Plant Operation 


The preceeding discussion shows 
the effect of temperature and stream 
flow on the apparent condition of the 
stream. Perhaps comment on the im- 
portance of temperature and stream 
flow to sewage plant operation is in 
order 

Babbitt® reports that the removal of 
B.O.D. in primary sedimentation 
treatment plants to be 37 per cent. 

In considering primary treatment 
only (and there are many plants that 
provide only primary treatment) it is 
reasonable to believe that this degree 
of treatment usually does remove 
enough B.O.D. in the summer when 
the stream temperature is 70° F. or 
more. From Table IV it can be seen 
that the activity in the stream would 
be much less at a lower temperature. 
In fact, if primary sedimentation re- 
moved 37 per cent of the B.O.D. dur 
ing the warmer period, the stream 
might be expected to have about the 
same dissolved oxygen content as if 
primary units were by-passed during 
the time the stream was at a tempera- 
ture of about 55°. It is true that the 
solids settled out in the stream might 


form sludge banks. The importance of 
considering the temperature factor be- 
fore deciding when to make repairs 
to a sewage plant can readily be seen. 


Streams and Public Health 

Sewage-contaminated water can be 
so treated that the resulting product 1s 
suitable for human consumption. In 
purifying a contaminated supply, 
however, there always is the likelihood 
that some day some pollution may 
get through the water treatment plant 
without adequate purification. The 
chances of producing a safe product 
therefore, are much better if the raw 
water supply contains relatively few 
pathogenic bacteria. 

The bacteria are removed from 
treatment proc- 
Some bacteria are attached to 
solids and removed when the 
solids settle out. Singie bacterial cells 
are probably coagulated into clumps 
in the activated sludge and trickling 
filter processes. Chemical coagulation, 
no doubt, helps in the removal of some 
bacteria. Care must be taken to see 
that the bacteria are destroyed after 
removal from the sewage with sludge 
solids. Most disease organisms die in 
the foreign environment of the sew 


sewage in various 
esses 


are 





TABLE_IV 


Temperature and Rate of Decomposition 
of Organic Matter in Streams 





Relative Rate Relative Rate 
of of 


F. Decomposition °F. Decomposition 


1.892 
1.137 2.000 
1.292 : 2.t33 
1.468 2.450 
1.666 2.790 


35 1.000 





W.&S.W.— REFERENCE & DatTa—1956 





R-230 


WHLRER PHOCES 


Equipment for All Water, Sewage and 
Waste Treatment Processes 


WATER TREATMENT 


CLARIFLOW —a short retention, vertical rise 
clarification unit combining chemical homo- 
genizing, flocculation, clarification and positive 
sludge removal for softening and turbidity, 
color and algea removal. Designed for rectan- 
gular, square or circular basins. 


CARBALL—produces a clean, tasteless CO, 
gas for carbonation. Burns either oil or gas at 
high temperature and pressure resulting in 
dry, clean CO, suitable for direct diffusion into 
carbonation chamber. 


SEWAGE AND WASTE TREATMENT 


HEAT-X—a complete diges- 
ter sludge heating unit includ- 
ing heat exchanger, boiler, 
burner and all controls. Burns 
sewage gas, oil and natural 


gas, singly or in combination. 
Absolute and independent 
control over each function of 
sludge heating. 


DIFFUSAIR—aeration equip- 
ment for mixing and oxygena- 
tion of tank liquors. Self 
cleaning air Spargers do not 
clog or cause back pressure 
build-up on blowers. High rate 
tank turn-over and oxygena- 
tion results in greater plant 
capacity. 


INDUSTRIAL THICKENER—adapts COLLECTORS—for sludge removal in 
the CLARIFLOW principle to blast fur- _ rectangular, square or circular sedimenta- 


nace flue dust thickening, oil separation, 


tion basins. Wide range of capacities and 


paper stock reclamation and other applica- _ sizes to meet all water, sewage and indus- 
tions. Permits reuse of process water and trial treatment requirements. Designed to 
reclamation of valuable waste on many in- suit the most exacting specifications. 


dustrial installations. 


WALKER PROCESS EQUIPMENT INC. - 
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age plant (the digestion tanks, etc.), 
however, it is not possible to be sure 
that all dangerous organisms are de- 
stroyed unless the sludge solids are 
heated to a temperature sufficient to 
kill bacteria. 


Streams and Fish Life 


The number of pounds of fish that 
can be grown per year in a given 
volume of water depends upon the 
food supply available, and how satis- 
factory the environment is. It has 
been pointed out that the decomposi- 
tion of organic matter in streams is 
accomplished largely by microorgan- 
isms. The mocroorganisms become 
food for the larger forms of life and 
eventually fish use either plants or 
crustacea for food. 

If decomposition has altered the en- 
vironment by lowering the dissolved 
oxygen to a point where there is not 
enough remaining to support fish life, 
then the fish wili die. However, if the 
decrease in oxygen is not enough to 
harm the fish, then the fish should 
appear in greater numbers or size be- 
cause of the increase in food that is 
available from organic matter. 

Katz and Gaufin® have reported 
that they found pollution may be det- 
rimental to fish even when the dis- 
solved oxygen concentration is ade- 
quate. They believe that the pollution 
is not directly responsible for fewer 
numbers of fish in water with ample 
oxygen, and they are of the opinion 
that pollution so changes the flora in 
the stream that there may not be suit- 
able food in certain parts of the 
stream for the fish. 

Southgate’? has reported that rain- 
bow trout are killed in a short period 
at an oxygen concentration of 2.0 
ppm at temperatures between 15 to 
17° C. Trout are the most sensitive 
of all fish to oxygen deficiencies. Ex- 
tensive studies have been carried on 
in recent years by the National Coun- 
cil for Stream Improvement (of the 
Pulp, Paper and Paperboard Indus- 
tries) on the effect of oxygen concen- 
tration on various fish. The Aquatic 
Life Advisory Committee of the Ohio 
River Valley Water Sanitation Com- 
mission has said that well-rounded 
warm water fish populations require 
at least 3 ppm of oxygen at all times, 
and that for sixteen hours per day 
the water should contain not less than 
5 ppm. 


Algae Growth in Streams 


Algae, like other plants, grow best 
when fertilized. A stream that re- 
ceives nitrogenous materials soon 
turns them into plant food. Thus, the 





TABLE V 
Variation in Dissolved Oxygen Over 24-Hour Period 
Clearwater Lake, Waconia, Minn. 





Time Dissolved Time 


Hour 


Hour Oxygen, ppm 


Dissolved 
Oxygen, ppm 


Time 
Hour 


Dissolved 
Oxygen, ppm 





10 A.M, 3.1 
2 3.9 7 
12 Noon 4.5 8 
1 P.M, 5.2 9 
2 6.6 10 
~ 1] 
3.8 
9.3 


6 P.M. 


1 A.M. 


10.5 2 A.M. 6.5 
10.3 5.3 
11.6 4.6 
1.7 3.7 
9.8 2.1 
9.2 3.0 
11.3 2.7 
7.6 1.6 





natural purification that takes place 
in a stream provides food for algae. 
Algae are plants which give off oxy- 
gen in the sunlight and use some oxy- 
gen in the dark. The exact effect of 
algae on the stream condition is not 
easily predicted, because of fluctua- 
tions in numbers of algal cells and the 
hours of sunlight that can be expected. 

The algae can, in bright sunshine, 
produce and give off enough oxygen 
to super-saturate the water. A very 
good idea of the variation in dis- 
solved oxygen in water that may be 
expected in a day at one particular 
point is given by the data presented in 
Table V. 

The data given in Table V illustrate 
two things: (1) algae can add large 
amounts of oxygen to a stream, and 

2) it makes a great difference at 
what time of day a sample is taken to 
determine the dissolved oxygen'®. 
Certainly these data show that the 
seriousness of the pollution in this 
lake could not be determined by tak- 
ing a sample in the afternoon. The in- 
dications are that algae usually will 
produce more oxygen in the daytime, 
by the process known as photosyn- 
thesis, than they will use up in the 
darker hours by respiration. 


Sludge Banks in Streams 


Sludge banks are formed in streams 
when the settleable solids in the water 
are deposited at locations where the 
velocity of the water is low enough 
to permit deposition. Sewage or in- 
dustrial wastes not treated by pri- 
mary sedimentation are sure to pro- 
duce sludge banks unless the stream is 
flowing with a high velocity. Dissolved 
and colloidal also may form 
sludge banks in streams if these ma- 
terials are transferred into settleable 
solids by microorganisms. Therefore, 
treatment in addition to primary sedi- 


solids 


mentation may be necessary in order 
to prevent the formation of sludge 
banks. 


Requirements for Pollution Control 


If pollution control is to be en- 
forced for the preservation of stream 
quality, then the regulations should 
indicate the condition of the stream 
that must be maintained rather than 
the quality of water that can be dis- 
charged into the stream. It seems es- 
sential also that all pollution control 
laws should in some way limit the 
discharge of settleable solids, bacteria, 
dissolved organic matter and those 
substances that are considered to be 
toxic. 


References 


1. Phelps, E. B., Stream Sanitation, p. 
217. John Wiley and Sons. 


2. Theroux, Eldridge and Mallman, 
Anlysis of Water and Sewage, p. 216. Mc- 


Graw-Hill Book Company, 1943. 


3. Annual Report, Indianapolis Sewage 
Treatment Plant, 1933. 


4. Calculated from the basic information 
given by Phelps in Stream Sanitation, p 
72. John Wiley and Sons 


5. Babbitt, H. E., Sewerage and Sewage 
Treatment, p. 363. John Wiley and Sons. 
Sixth Edition. 


6. Katz, M. and Gaufin, A. R. “The Ef- 
fects of Sewage Pollution On the Fish 
Population of a Midwestern Stream,” 
Transactions of the American Fisheries 
Society, Vol. 82, pg. 156-165. (1952) 


7. Southgate, B. A., “Oxygen and Rain- 
bow Trout,” Salmon and Trout Magazine, 
March 1933 


8. Purdy, W. C., “Reoxygenation of Pol- 
luted Waters by Microscopic Algae,” Pub- 
lic Health Reports, Vol. 52, No. 29, pg. 
945-978, July 16, 1937. 


9. Wabash River Pollution Abatement 
Needs, Ohio River Valley Water Sanita 
tion Commission, pg. 25. 


W.&S.W.—REFERENCE & Data— 1956 





WEMCO TORQUE FLOW SOLIDS PUMP 


If you want a truly 
"Never Clog Pump" specify as follows: 


‘Pump shall be of the non-clogging vortex type 
with recessed impeller mounted completely out of the 


flow path between pump inlet and discharge 


connections to enable passage of solids particles 


equivalent to discharge pipe diameter.''* 


*Taken from consultants specifications for sewage and sludge pumps 


FOR LIFT STATION SERVICE: 


Unattended, continuous 
operation is the standard 
operating procedure with 
Wemco Torque Flow Solids 
Pumps. Bar screens are 
eliminated. Frequent 
nspections are not required 
Costly maintenance is 
eliminated. ‘Never clog 
operation’ is inherent in the 
pump’s design 


At Torrance, California 


FOR SLUDGE PUMPING: 


General Specifications: 
Sizes: 3” through 8” 
Material: Cast Iron 
Capacities: 50 GPM to 
2500 GPM 

Heads: Up to 100’ 
Necessary Clearance 
Adjustment: None 
Models: Horizontal or 
Vertical (Most sizes) 
Drive: V-Belt, Varidrive or 
direct connected 

(Most models) 


TRANSFER OR RECIRCULATION, RAW OR DIGESTED 


Sludges with high percentage 
of solids are handled without 
blockage. Suction lifts are 
extremely high at both high 
and low volume. Long wear life 
of parts and complete freedom 
from clogging on rags and 
fibers prevents down time 

sses and high maintenance 


At Rockaway, New York 


General Specifications: 
Size: 2” through 8” 
Material: Cast Iron or 
Ni-Hard 

Capacities: 50 GPM to 
2500 GPM 

Heads: Up to 100’ 
Necessary Clearance 
Adjustment: None 
Models: Horizontal or 
Vertical (Most sizes) 
Drive: V-Belt, Varidrive or 
direct connected 

(Most models) 


FOR GRIT HANDLING OR DIGESTER CLEANOUT: 


Wemco Solids Pump never 
clogs either in continuous or 
intermittent operation. Long 
wear life and no blockage 
combine to provide the 
ultimate in overall low cost 
material handling 


At Los Angeles County, California 


General Specifications: 
Sizes: 2” through 8” 
Material: Ni-Hard 
Capacities: 50 GPM to 
2500 GPM 

Heads: Up to 100’ 
Necessary Clearance 
Adjustment: None 

Model: Horizontal only 
Drive: V-belt or Varidrive 





On Sanitation Pumping 
Problems consult your local 
Wemco representative: 


Atlanta 5, Georgia, 

W. D. Taulman & Associates 
P. O. Box 436, Northside Branch 
Baltimore 1, Maryland, 
Stuart Corporation 

516 North Charles Street 
Boston (Newton Lower Falls, 
Massachusetts), 

Engineering Sales Corporation, 
2300 Washington Street 
Chicago 44, Illinois, 

O. A. DeCelle and Associates 
4900 West Madison Street 
Columbus 12, Ohio, 

Robert F. McGivern and Associates 
1771 West Fifth Avenve 
Dallas 25, Texas, 

L. E. Livingston and Son 

3921 Purdue Street 

Dearborn, Michigan, 
Michigan Hydrant & Valve Mfg. Co 
8747 Brandt Avenve 

Fort Worth, Texas, 

J. W. Droke & Associates 

Box 2525, Carter Field 
Kansas City (Merriam, Kansas), 
Smith and Loveless, Inc 

62nd and Merriam Drive 

New Orleans 172, Lovisiana, 
Menge Pump & Machinery 
Compony 

549 Dryades Street 

New York 7, New York, 
Turbine Equipment Company 
63 Vesey Street 

Omaha, Nebraska, 

Oliver F. Barkloge 

423 South 38th Avenue 
Orlando, Florida, 

E. K. Phelps 

426 South Eola Drive 
Philade!phia 

(Narbeth, Pennsylvania), 
Atherholt, Brinton & Glover 
529 Brookhurst Avenve 

San Francisco 

(San Mateo, California), 
Process Engineers, Inc 

420 Peninsular Avenve 
Seattle, Washington, 

H. D. Fowler Co., Inc 

P. ©. Box 3084 

St. Lowis, Missouri, 

E. W. Butler & Associates 

3938 Lindell Boulevard 

St. Paul 4, Minnesota, 
Michel Sales Co., Inc 

2045 Marshall Avenue 
Toronto 9, Ontario, 

United Steel Corporation, Ltd 
Sanitation Equipment Division 
Tulsa 3, Okiahoma, 

Bagwell Company 

102 East Ninth Street 


WESTERN MACHINERY COMPANY 
764 Folsom Street, San Francisco 7, California 


s been responsible 


for many outstanding ‘never clog’ records. The 


principle is fully explained in available literature 
Representatives in principal cities 
of the United States and Canada and in 


major countries throughout the world 


It will save you thousands of dollars in operating 
ysts. For further details contact our representative 


) your orea or write direct 





Sewage Pump Maintenance and Operation*® 


| pe ARE the heart of the modern 
sewage treatment plant. Without 
their faithful operation treatment fa 
cilities large or small, simple or com 
plex, would soon be uninhabitable. In 
order to keep this heart pumping, an 
ettective protective maintenance pro 
gram must be carried on. It 
little good to start a program after 
a major breakdown occurs. Operat- 
ing personnel must know at all times 
the condition of the plant equipment 
and immediately correct weaknesses. 

Proper care and maintenance 
means good housekeeping. It is easier 
to keep equipment clean and in repair 
than it is to make emergency repairs 
when everything is covered with 
grease, dirt, or sludge and the various 
parts are rusted together. 

A program of regular maintenance 
should be set up. One of the easiest 
ways to do this is to make a chart or 
card file showing the required main 
tenance operations, with a place pro 
vided to check off each item when 
the work is done. This chart will 
provide a method of reminding the 
responsible party when oiling, greas- 
ing and inspecting should be done, 
and will also provide a record of the 


de eS 


maintenance work 

The operator familiarize 
himself with the of each 
piece of equipment in the plant. This 
can be done by studying the opera 
tion literature supplied by the equip 
ment manufacturer. If this literature 
cannot be located, the operator 
should write for it. These booklets 
will also form a basis for making 
the maintenance chart for the plant 
Cuts and drawings of the various 
pieces of equipment should be kept 
on file reference. This material 
also can be obtained from the manu- 
facturer. A drawing showing the lo- 
cation of all underground structures 
and pipe work should be kept on file 
for ready reference in case of trouble. 


should 


working 


for 


Pump Lubrication 

Nothing will cripple the sewage 
treatment plant more quickly than a 
breakdown of pumping equipment. 
Complete understanding of pump 
construction and function, together 


*Reprinted from Sew. anp Inp. WAsTEs, 


27: 506 (1955) 


a” 


by GEORGE STRUDGEON 


sst. San. Enor., Chicago Pump Co., Chicaa 


with periodic inspection and repair, 
are essential to avoid breakdowns. 

\ sound maintenance program for 
pumps and pertinent 
should be developed, and a regular 
inspection schedule adopted based on 
actual operating experience. To in 
sure the best operation and care of 
pumps, weekly inspection and main- 
tenance should be made of the follow- 


accessories 


ing: 
1. Bearings, for heat and noise 
Motors, for starting and operat 
ing speed. 
3. Control equipment, for cleanli- 
ness and condition. 
4. Pump operation, for vibration 
and 
5. Packing 
leakage. 
Examination of a centrifugal pump 
reveals that it consists essentially of 
only one moving part, an impeller re- 
tating in a casing. The impeller is 
supported on a shaft, which is in turn 
supported by a thrust bearing and 
one guide bearing. Vertical dry pit 
and horizontal type pumps require 
one guide bearing, whereas 
merged type pumps require two 
more bearings, depending 
depth of the wet well. 
Vertical dry pit type pumps are 
constructed almost exactly the same 
as horizontal pumps. The bearings 
are generally of the ball type. Scru- 
peller pumps are fundamentally the 
same horizontal centrifugal 
pumps, except that a stellited screw, 
cutting bars, and cutting ring are 
mounted on the suction side of the 
impeller for cutting up the solids 
before they reach the impeller. 
Submerged type pumps are con- 
structed differently from centrifugal 
pumps. The thrust bearing is of ball 
bearing construction and generally 
is located above the motor floor level 
where it will be free from floor drain 
age and sweepings. The pump casing, 
guide bearings, and shafting are ex 
tended into the wet well. Ball bear 
ings cannot be used for guide or 
intermediate bearings because there 
is no effective means for sealing the 
bearings from the which 
would cause corrosion and rust. For 
this reason, submerged type pumps 
usually are built with sleeve type 
guide bearings of bronze. 


noise. 


glands, for excessive 


sub 
or 


on the 


as 


sewage, 


Packing 

One particular packing cannot be 
recommended for all uses. The type 
of packing that should be used will 
depend on the operator and varia- 
tions in operating methods, condi- 
and requirements. 

Metallic and semi-metallic types of 
packing, together with graphite-im 
pregnated soft asbestos, and leather, 
are commonly used in sewage pumps. 

Soft impregnated with 
graphite is the most generally used 
packing, particularly in centrifugal 
and plunger type pumps. It definitely 
should be used where grease or water 
seals are not provided. On the other 
hand, metallic or semi-metallic pack- 
ing should be used only where water 
or grease seals are used. 

Packing containing rubber general- 
ly is not recommended because rub- 
ber has a tendency to swell when in 
contact with sewage. 

Lubrication of the packing in- 
creases pump efficiency and reduces 
friction to a minimum, prolongs the 
packing life, and controls leakage 
without undue gland pressure. 
Where grease lubricants are used a 
generous quantity should be applied 
when the packing is installed. There 
after, the lubricant can be applied 
by a hand pressure grease gun. The 
ideal way is to use a forced feed 
lubricator, applying a small but con 
tinuous amount of a con- 
stant pressure, 

Since the packing in the stuffing 
box rubs against the shaft, it is just 
as important that it be lubricated as 
the bearings. In pumps handling dirty 
water, the packing is lubricated the 
sane as the bearings. In pumps han- 
dling clear the packing is 
lubricated internally with the water 
pumped. However sewage contains 
grit and, therefore, be used 
for lubrication. 
used but seldom with 
complete success, because some grit 
invariably back into the 
grease, imbeds in the packing, and 
forms a fine abrasive cloth, which 
soon wears out the packing and shaft 
\n external supply of water 
the most effective 


tions, 


asbeste Ss 


grease at 


water, 


cannot 
Grease is 


wi irks 


sleeve 
for the 
lubricant. 

If a grease seal is used, and the 
pump head does not exceed about 


seal is 
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20 ft., it should be fitted with a 
spring-loaded pressure type grease 
cup. Grease should be forced through 
the packing daily at a rate of 1 oz. 
per day. If the head is greater than 
20 ft., spring-loaded pressure grease 
cups are not very effective. In such 
cases, a hand type grease gun should 
be applied daily. 

If a water seal is used the pressure 
should be greater than the operating 
head of the pump. This pressure 
may be secured by a float controlled 
tank, located at the highest point of 
the building, or with the aid of a 
small pump. Seal water should never 
be obtained by direct connection with 
a drinking water supply, because of 
the danger of cross connections. 

The life of the packing and shaft 
sleeve depend almost entirely upon 
the effectiveness of the grease or 
water seal. There should be a slight 
leakage of water from the packing 
box when the pump is running, to 
keep the packing cool. 

\ packing gland should never be 
tightened more than necessary. 
Finger-tight should be ample; other- 
wise excessive pressure will cause 
the shaft sleeve to wear rapidly and 
the tight packing will act as a brake 
band, resulting: in higher power con- 
sumption. 

If the stuffing box leaks excessive- 


ly, remove the packing and examine 
the shaft sleeve. If the shaft sleeve is 
badly grooved or scored, it should be 


replaced or repaired immediately. 
Otherwise, the stuffing box will con- 
tinue to leak excessively and regard- 
less of how it is repacked, the pack- 
ing life will be short. 

When the packing becomes worn 
remove it entirely and thoroughly 
clean out the stuffing box. It is bad 
practice to use part new and part 
old packing. When repacking it is 
important that the first two layers 
are properly in place, before more is 
added. If this is not done, the bottom 
layer may be forced in unevenly and 
a pocket to collect grit. 
installed with 
around the 


may leave 
Packing should be 
butt joints staggered 
shaft 


Wet Wells 


The size and shape of the wet well 
bottom are very important. If it is 
too flat or too large, solids will col- 
lect in the bottom and become septic. 
This condition may cause the pres- 
ence of objectionable odors, increase 
soluble B.O.D., or upset the treat- 
ment plant process. 

The purpose of the wet well is not 
to store sewage, but to provide a 
suction well for the pumps. Some 
wet wells make excellent primary 
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tanks and defeat their original pur- 
pose. 

In many cases, wet wells, which 
are entirely too large and function 
as septic tanks or primary tanks in- 
stead of as suction chambers for 
pumps, affect the degree of purifica- 
tion. Many operators have remedied 
this problem by cutting storage capa- 
city through the construction of 
brick walls or concrete fillets, or by 
shortening the draw-down. 

The size of the wet well should be 
based on the pump capacity. The 
active storage capacity or draw down 
should be equal to 1 to 1% times the 
pump capacity. 

Regardless of the size, shape, and 
type of wet well, it should be peri- 
odically drained, cleaned, and flushed 
with water under pressure to remove 
all deposits and floating solids. 
Grease that congeals on the walls 
will break loose in large pieces caus- 
ing the suction line of the pump to 
clog, or preventing the float from 
operating. 

When a new sewer system or sec- 
tion is put into service, the wet wells 
frequently receive large quantities of 
sand with the sewage. This sand 
should not be pumped out with the 
sewage pump, but should be removed 
with buckets as often as inspection 
indicates the need. If the sand is 
pumped out with the sewage pumps, 
the operator can expect earlier main- 
tenance troubles. When effective wa- 
ter seals are not used the sand will 
get into the stuffing box packing and 
soon wear out the packing and pump 
shaft sleeve. On submerged type 
pumps this causes the lower sleeve 
hearings to wear out in a few weeks. 


Electrical Control Equipment 
Practically every motor is pro- 
tected by a fused mainline switch and 
an across-the-line type starter. In 
addition, float switches and other 
control equipment may be required 
to automatically start and stop the 
motors. The fuses and thermal units 
used should comply with the Na- 
tional Electric Code or local code 
recommendations. The fuses and 
thermal units are generally rated 
at 125 per cent of the nameplate am- 
perage. 
The fused mainline switch and 
starter protect the motor against 
“burn out” from short circuits, 
grounding, high starting current, 
over-load, phase failure, and low or 
high voltage. When new motors are 
installed the size of the heating ele- 
ment in the starter should be checked 
against the current requirements of 
the motor. A starter with an over- 
sized heating element, or with a 


“jumper” around the element, does 
not furnish protection. 

If a starter with thermal protection 
is cutting out frequently, and the 
trouble cannot be located in the me- 
chanism, location of the starter 
should be checked. Perhaps it is 
located too close to a radiator or 
some other source of heat. In these 
cases the manufacturers may recom- 
mend use of the next size thermal 
unit. 

Every six months, the starters 
should be checked to make certain 
the tripping element is not corroded 
and the motor has protection. All 
parts should be checked for clearance 
and freedom of movement. If the 
contact points are pitted, worn, or 
arcing, the tips should be renewed 
or filed smooth, treated with petro- 
latum, and adjusted or lined up prop- 
erly. Seriously pitted contact points 
may burn out the motor if they cause 
the motor to start and stop too fre- 
quently. 

When a starter trips out, the cause 
must be found and corrected before 
the starter is reset. The following 
checks will help to locate the trouble : 

1. The pump shaft should be 
turned by hand to see that it is free. 

2. Wiring and controls should be 
inspected for loose connections. 

3. Contact points should be 
checked for wear, pitting, or arcing. 

4. Brush-type electric motors need 
to be checked for sparking while 
starting or operating, and for sticking 
brushes. 

5. Fuses and thermal overloads 
should be checked for correct rating. 

6. The location of fuses and ther- 
mal overload units should be checked 
with respect to the affect of nearby 
heat sources. 

The switchboard should be in- 
spected frequently and kept clean. Vi- 
bration may cause loose terminal 
connections, when least suspected. 
The insulators should be wiped clean 
to prevent flashover to the ground. 

Dirty contacts are costly power 
consumers. An operator of a 0.5-m. 
g.d. plant was surprised to find a 
large reduction in his monthly power 
bill after thoroughly cleaning all con- 
tacts, fuses, and fuse holders. 


Motors 


Three-phase, squirrel cage motors 
are widely used in sewage treatment 
plants. These motors require little at- 
tention under average operating con- 
ditions. Bearing housings are packed 
with sufficient grease before leaving 
the factory to last approximately one 
year. Too much grease causes bear- 
ing trouble, due to excessive friction, 
or damage to the motor windings 





COMMINUTORS. Since raw sewage flows straight through in 
the Worthington design, the comminutor can be installed in a 
simple rectangular channel (inset) without expensive masonry 
work. This one is located at Klamath Falls, Ore 





DUAL-FUEL ENGINES. Operating on oil or gas or any combi- 
nation of both, these Worthington dual-fuel engines drive 
blowers for the Little Ferry, N. ]., Treatment Plant of Bergen 
County Sewer Authority. 


MIXFLO PUMPS. Available in sizes from 2 MGD to over 300 
MGD, Mixflo pumps have non-clogging sewage-type impellers 
for passing large solids. This one handles raw sewage in the 
new Salem, Ore., Treatment Plant 


FREFLO PUMPS Available in sizes from 100GPM to 5 MGD, 
these Worthington Freflo pumps in the Bethlehem, Pa., Sew- 
age Disposal Plant offer maximum freedom from clogging. 


How to get more for your equipment dollar 


Check these extra services offered by WORTHINGTON— 
world’s leading builder of sewage treatment equipment 


Be sure you take advantage of the extra services offered to 
municipalities considering sewage treatment plants. Regardless 
of the size of the installation you plan, whether large or small, 
here’s how Worthington can help you. 

Trained specialists will sit down with you and study the sit- 
uation in the planning stage. They will help you recommend, 
step-by-step, the best and most up-to-date equipment to do 
your specific job in the most economic way. 

An unbiased recommendation. Because Worthington makes 
a complete line of engines, compressors, comminutors, pumps, 
and auxiliary equipment, you get an equipment recommenda- 


tion based on a broad look at all available ways of doing the job. 
Unit responsibility. You do business with one company—elim- 
inating delays and inconvenience that can occur when you are 
forced to co-ordinate the efforts of several suppliers. 

Some of the sewage treatment plant equipment built by 
Worthington include: pumps; gas, dual-fuel, and diesel engines; 
vacuum pumps; air and gas compressors, and comminutors. 

For more information about any of these products, call 
your nearest Worthington District Office, or write to Section 
W65, Worthington Corporation, Harrison, N. J. In Canada: 


Worthington (Canada) 1955, Ltd., Toronto, Ont. W.6.5 
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BLACKBURN-SMITH MFG. CO., INC. 


55 Garden Street, Hoboken, N. J. 
Telephone: HOboken 3-4425 N. Y. Telephone: BArclay 7-0600 





BLACKBURN-SMITH 


PNEUMATIC SEWAGE EJECTORS 


The Modern, Efficient Way to Lift Sewage 


30 to 500 gpm single 
and twin units for discharge 
heads up fo 150 ft. 





Duplex Sewage Ejector, showing inlet piping. 


Blackburn-Smith Pneumatic Sewage Ejectors have ended 
screen and pump cleaning in hundreds of sewage booster 
stations. For over 60 years, Blackburn-Smith Ejectors have 
proved their economy, efficiency, and reliability under all 
conditions. 





Blackburn-Smith Ejectors are preferred by engineers because 
%& They are more sanitary, less messy than other 
types of ejectors or pumps. 
% No complicated piping. 
% No place for collection of solids within pots. 


% No worry over operation in water with all-pnevu- 
matic system. 


Exclusive Blackburn-Smith Features 


Only the Blackburn-Smith Pneumatic Ejector System, with or 
without air receivers, offers the following choice of controls: 


1—Float and electric float switch; 
2—Float and pneumatically controlled snap-action 
valve; 


Compact ejector system having motor al 
compressor assembly and all controls 3—Electrode controls. 


in one “packaged” unit. 


Catalog S-50 gives full details. 
Send for it now. 
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caused by excess grease deposits on 
the insulation. 

Horizontal motor bearing hous- 
ings are equipped with a fitting for 
adding grease. Excess grease is ex- 
pelled through a relief plug and thus 
prevents overloading. Grease should 
be added to motors while running. It 
is important that motors run long 
enough before replacing the relief 
plug to permit the rotating parts to 
expel any excess grease. Motor man- 
ufacturers recommend that grease be 
added sparingly when using a pres- 
sure gun. Periodic inspection and 
maintenance is 
effective lubrication. 

Many motors have been damaged 
by overgreasing. In order to mini- 
mize this trouble, some manufac- 
turers have designed motors with 
pre-lubricated sealed ball bearings 
and bearing housings without grease 
fittings. The pre-lubricated ball bear- 
ings in general purpose motors have 
These motors 


necessary to assure 


proven satisfactory. 


can operate 24 hr. per day for five 
years without greasing. Thus, peri- 
odic greasing has been reduced to 
one grease packing job in five years 


and overgreasing and grease seepage 
into windings has been eliminated. 
Motors and control equipment in- 
stalled in damp locations, such as un- 
derground pump stations, have been 


damaged seriously by excessive con- 
densation. The best cure seems to be 
the installation of a small blower of 
adequate capacity to change the air 
as often as necessary to eliminate 
condensation. Gravity ventilation by 
means of pipe openings has often 
proved to be inadequate. Humidity 
in the control box is best controlled 
by installation of a dehumidifier or 
strip heater elements in the box. 

It is good practice to blow dust, 
dirt and other accumulations from 
motor windings with compressed air. 
The air should be free of excessive 
moisture and the pressure should not 
exceed 80 p.s.i. The frequency will 
depend on the location and type of 
motor. 

Frequent sturting and stopping of 
electric motors is detrimental. The 
starting current of a motor is gener- 
ally several times its full load cur- 
rent, and will store up heat in the 
windings. A _ similar condition is 
caused by overloading motors. The 
excess heat in the windings will 
bake out the insulation, causing it 
to become dry and brittle with event- 
ual flaking off and failure. 

Where motors are installed in hot 
locations consideration should be 
given to the use of oversize motors. 
These motors, working below maxi- 
mum capacity would be less likely 
to seriously heat. 
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Should a motor be submerged, the 
bearings should be immediately re- 
moved and dried to prevent them 
from rusting. The motor should be 
sent to the repair shop for a thor- 
ough cleaning, and be baked out be 
for it is put back into service. 

For satisfactory electric motor op- 
eration, regardless of the type of mo 
tor, the following should receive a 
weekly check: 

1. The motor shaft for 
from oil and grease. 

2. The oil level in bearings 

speed and direction of ro 


freedom 


3. The 
tation. 

4. The 

5. The 
nections, 

6. The interiors and 
the motor for freedom from moisture, 
oil and dirt. 

Semi-annual 
clude: 

1. Draining and replacement of the 
oil in sleeve bearings and gear box 

2. A check of the grease in ball or 
roller bearings. 

The ball or roller bearing housings 
should be cleaned out and greased 
annually. 

By using these basic maintenance 
checks on a regular schedule, the 
heart of the sewage treatment plant 
will be kept in a serviceable pumping 
condition. 


commutator and brushes 
tightness of all wiring con 


exteriors Ol 


checks should in 
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INTERNATIONAL BUSINESS MACHINES GOES AMERICAN 


Wuen I. B. M.’s new Kingston, New York, plant goes into operation 
next year thousands of gallons of chrome plating, cyanide and 
acid and alkali solutions will be piped through this three-barreled 
industrial waste line to a nearby treatment plant. 
. : x That's why new Amvit Jointed Vitrified Clay Pipe was used. 
Turner Construction Company It can take it! P 
Campbell Building Company The Amvit Joint is made of a new acid resistant plastic material 
with rubber characteristics dielectrically cast on the pipe. Like the pipe, 
Engineers pve eo will not - harmed by any condition of underground service. 
Tr EW And it’s root proof. 
R. F. Giffele and V. E. Vallet Amvit Jointed Clay Sewer Pipe is just one of the many products 
Architect manufactured in our plants across the nation. American Vitrified Products 
L. Rossetti Company also produces concrete pipe, clay pipe, flue liners—both glazed 
and unglazed, and clay liner plates. 
For more information, write or call American Vitrified Products 
Company, National City Bank Building, Cleveland, Ohio, or our 
office nearest you. 


Co ntractors 


ame 


American Vitrified 
Products Company 


CLEVELAND, OHIO 


Plants Across the Nation... ere: Indiana + Chicago, Wlinels + Cleveland, Ohie + Crawferdsville, Indiona + Detreit, Michigan + East Liverpesl, Obie 
Fenton, Michigan + Grand Ledge, Michigan + Lishen, Ohie + Les Angeles, Colifernia + Milwaukee, Wisconsin + Seoth Bead, Indians + Ubrichsville, Ohie 
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A Preventive Sewer Maintenance Program 


Asst. Enar., 


UST when you're getting to sleep, 

the night foreman calls to inform 

you that Mr. Jones’ basement 
is flooded with sewage; furniture, 
trunks, and tools are ruined and he’s 
ready to sue! Just when you enter 
a busy conference, the radio man 
reports a surcharged line spilling 
sewage into the local park—and the 
park officials want immediate action. 
Just when you finally settle down to 
finishing last month’s reports—al- 
ways when you're busiest—emergen- 
cy maintenance calls interfere with 
your tasks, incite the public to hasty 
condemnation of your organization, 
and necessitate the expenditure of 
more men, more time, and more 
money. 

Isn’t it possible, somehow, to an- 
ticipate and prevent at least some of 
these emergency calls? With that 
question as a starting point, the fol- 
lowing considers the suggested com- 
ponents of a plan which the Wash- 
ington Suburban Sanitary Commis- 
sion is now undertaking; a plan 
which finds the trouble before it 
becomes real trouble; a plan which, 
when fully developed, saves energy, 
talent, and money for more con- 
structive work. This plan is gen- 
erally known as preventive sewer 
maintenance, 


Three Basic Phases 

Preventive sewer maintenance is a 
planned program of inspection, serv- 
icing and repair of the sewer system. 
The need for such a program is 
obvious when the problems to be 
dealt with are examined. The causes 
behind emergency maintenance are 
almost as varied as they are numer- 
The largest group may be 
listed under main-line stoppages 
stoppages due to roots, sand or 
gravel, grease, and other material 
which has blocked the normal flow 
of a sewer. Besides relieving main- 
line stoppages, emerger.cy mainte- 
nance is necessary when a surcharge 
of the sewer floods surrounding 
basements. This condition of sur- 
charge is caused by the entrance of 
rain water and ground water, or by 
insufficient capacity of the sewer 
during the periods of peak flow. 
Preventing these problems becomes 
the task of a program of preventive 
maintenance. 


ous. 


Mr. Colony’s article is reprinted from 
J.F.S. & I.W.A., Vol. 25, p. 490, with permis- 
sion o'1 the Association. 


Maint. and Oper. Div. 


By WILLIAM M. COLONY 
Wash. Suburban San. Com 


As already indicated, the three 
basic phases of the prograni are 1n- 
spection, servicing, and repair. Those 
phases dealing with inspection and 
servicing are the most important, 
and, when treated as such, will 
greatly reduce the repair phase. 
Without question, this is the end 
reward of a preventive program. 
If this reward (reducing of repair 
work) is to be realized, then much 
time and thought must be given to 
planning the inspection and servic- 
ing aspects of the program. 
Listing of Problems 

The first objective of the mainte- 
nance engineer is to make a listing 
of the specific problems of his sys- 
tem. Such a listing can be made 
only after a thorough study of all 
available past records dealing with 
the maintenance of the sewer system. 
These records, if complete, will en- 
able the engineer to assemble data 
concerning the location, type of 
complaint, and maintenance required 
to correct the trouble, as well as the 
frequency of occurrence. A_pro- 
gram of periodic inspection and 
maintenance of the entire system 
should be designed to meet the con 
ditions disclosed by this study. If 
past records are not available, now 
is the time to start assembling a 
complete file on every emergency 
sewer call received. The information 
contained in accurate and complete 
records forms the major building 
block for any successful preventive 
maintenance program. 


Inspection Phase 


Inspection, which is a critical ex- 
amination, is the method employed 
by the maintenance section to deter- 
mine the need for servicing sewers. 
A routine inspection program ap- 
plied to the entire sewer system must 
be established to locate potential 
stoppages and areas subject to sur- 
charge. An inspection of every 
sewer in the system would he made 
at least every five years. In some 
cases, however, records of frequent 
emergency maintenance may show 
a necessity of inspection as often as 
every three to six months. 

In many instances, the inspection 
and servicing phases of the program 
may be carried out jointly. A good 
example of this is found in blocked 
manhole channels. When the inspec- 
tion crew discovers trouble in a 


Wash., D 


manhole, it can easily correct the 
condition without valuable 
time in delegating the responsibility 
to a servicing crew. The servicing 
crew may likewise assume some of 
the responsibility for inspection. 
When doing a routine maintenance 
job, inspection sould be made of the 
main-line sewer adjacent to the por- 
tion being serviced. The interrela- 
tionship of these crews is both log- 
ical and practical. 


losing 


Planning 

When planning the inspection 
phase, the sewer system should be 
divided into drainage areas. If this 
is done, the problem of keeping 
clear, accurate records of inspection 
will be simplified. The information 
to be recorded should include the 
date, the condition of the line, in 
cluding any leaks or crushed areas, 
and the maintenance required. It 
will be advantageous to record the 
number of manholes inspected, 
cleaned, and located, and the number 
which will require adjustment or 
repair, such as raising and water- 
proofing. The records for such in- 
spection are the basis for planning 
the work of the servicing or main- 
tenance crew. 
Inspection Crew 

\n effective inspection crew is 
composed of a foreman and three 
laborers and allows for one man on 
the street at each manhole during 
inspection, 
Ree ords 

The foreman on the job should be 
supplied with two report forms; a 
daily record sheet on which to note 
all necessary information pertaining 
to the inspection, and a maintenance 
workorder sheet on which to detail 
the servicing which the line may 
need. In addition, the foreman will 
need a detailed map of the sewer 
lines in the area to be inspected, and, 
before leaving the job, should mark 
the stretches on this map to substan- 
tiate visibly the written records. 
This combination of daily records 
and maps clearly forth the 
progress of the inspection crew and 
provides cross-identification of the 
trouble spot when an emergency call 
is received from that area. 


sets 


Locating Stoppages 

When the inspection crew searches 
for possible main-line stoppages, it 
is easy to make visual inspection of 
W.&S. W.- 
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PRESSTITE 


PRESSTITE’S 
COLD APPLIED 3-STEP 
SEWER JOINT SEALING SYSTEM 


PRIMER 
HARD BASE ASPHALT 
PRIMING PAINT 
Bell and spigot ends of pipes are 
painted 24 hours before laying. Greatly 


improves bond between pipe and 
joint sealing compound. 


ROPAX® 
NON-POROUS, ADHESIVE 
SEWER JOINT 
PACKING 
Forms solid seal impervious to 


passage of water. Provides additional 
joint sealing material. 


KALKTITE®* 
COLD-APPLIED ASPHALTIC 


SEWER JOINT CEMENT 


Cold-mixed, cold-applied. Sets up 

internally under the most adverse conditions. 
Forms dense, tough, flexible seal that 
keeps water out! 


WRITE for the full story ...a 20-page catalog describing the 
Présstite Sewer Joint Sealing System, data and specifications. 


t PRESSTITE 


Seaciwe Lameounes | 


Manufacturers of Sealing Compounds 
Exclusively Since 1924 


~ 
sewer St a 
- 


PRESSTITE ENGINEERING COMPANY 


3780 Chouteau Ave. St. Lovis 10, Missouri 
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the line by using powerful flash- 
lights and mirrors. Although a 
beam of light does not always pen- 
etrate a long stretch of sewer strong- 
ly enough to disclose stoppages to 
the naked eye, it will reflect on a 
mirror held at the end of the stretch 
if the line is clear. Lack of such 
reflection reveals the presence of 
foreign matter in the line. 


Reduction of Root Stoppages 


\ job which the inspection crew 
can handle, and which has reported- 
ly produced excellent results, is that 
of treating the sewer lines with 
copper sulfate to discourage root 
growth. About 2 lb. of this chemical 
in crystal form, put into all terminal 
stretches during regular inspection, 
should reduce the occurrence of root 
growth and help to relieve a trouble- 
some condition. 


Surcharge 


Another problem dealt with under 
the inspection phase of the prevent- 
ive maintenance program is that of 
surcharge of the main sewers. It 
has heen pointed out that surcharge 
mav be due to insufficient capacity 
of the sewer or to the entrance of 
rain or surface water into the sani- 
tary sewer. Inspection can_ be 
planned to locate and forestall the 
occurrence of this condition. 

To anticipate and prevent sur- 
charge caused by insufficient capac- 
ity, a program of annual flow tests 
of the trunk sewers in the system 
should he organized. Again, the 
sewer system can be approached on 
the drainage areas. The 
trunk line within each area should 
be tested to determine the maximum 
rate of flow at the important points 
of sewage concentration. The rate 
of flow in the trunk sewer just be- 
low and just above the discharge of 
sewage from a large tributary area 
will serve as a guide for planning 
a relief sewer line before the need 
arises. Records of these flow tests 
may be kept on a map of the drain- 
age area and should include, as well, 
the design capacity of the stretches 
of trunk sewer under study. 

Surcharge due to the entrance of 
ground water or rain water may 
arise from several different condi- 
tions, both accidental and deliberate. 
The most frequent of these condi- 
tions, and, consequently, the source 
of many emergency calls, are open 
manholes in low areas, the manhole 
frames and covers pushed off during 
grading and paving operations. Rou- 
tine inspection of new building de- 
velopments will disclose such poten- 
tial cases of surcharged lines. This 
inspection can be most effective dur- 


basis of 


ing rainy periods, when it is possible 
to trace muddy water through the 
sewer lines to its source. 

Where surcharge is not due to 
these indirect sources of rain water 
or ground water, it may be necessary 
to survey the foundation drains, 
downspouts, and large areaways or 
driveways in an area to determine 
the number connected to the sanitary 
sewer system. These surface-water 
connections, by introducing rain 
water and ground water into the 
sanitary sewer, may surcharge it. 
When the inspector with his crew 
locates an illegal connection, proper 
steps should be taken to have it 
eliminated. The time, effort, plan- 
ning, and expense involved in such a 
survey are far less than that neces- 
sary to construct a relief sewer. 

Constant alertness for line stop- 
pages and for causes of surcharge 
are but a part of the many jobs 
composing routine inspection under 
a preventive sewer maintenance pro- 
gram. The problems existing in each 
community determine the additional 
phases of the inspection program. 
It should be obvious that getting 
to the source of trouble before it can 
become a midnight headache, by 
routine conscientious inspection, can 
greatly reduce emergency mainte- 
nance and will result in lower operat- 
ing costs and more effective opera- 
tion of the sewer system. 


Maintenance Phase 


The establishment of planned 
maintenance, based on past records 
and on inspection reports, is the sec- 
ond phase of any preventive main- 
tenance program. Planned mainte- 
nance, the logical follow-up of 
planned inspection, can insure econ- 
omy and a more efficiently operating 
system. 

The maintenance of a sewer sys- 
tem should include flushing and 
dragging of the sewer lines, the 
relief of stoppages, and the repair 
of appurtenances. Such servicing 
should also he a systematic program, 
utilizing the inspection reports, and 
carried out by maintenance crews, 
which will vary in size and number 
with the amount of work to be done 
When the inspection crews report 
line stoppages, the maintenance 
crews relieve those stoppages by 
rodding and dragging the line 
Necessary work on manholes, in the 
way of raising, repairing or water- 
proofing as reported by the inspec- 
tion crews should be done by the 
maintenance crews. When the main- 
tenance crews have dragged roots 
from a clogged line, they should be 
instructed to treat the line with cop- 
per sulfate crystals as a precaution 
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against further root growth in 
the sewer. The servicing program 
should also include the coverage of 
the recurring trouble spots through- 
out the sewer system. 

Repair Phase 

Ihe third phase of a preventive 
maintenance program is repair. The 
repair crews should be used to re- 
lay portions of sewers which are 
crushed or otherwise damaged, and 
to replace damaged house connec- 
tions. The scheduling of the work 
of these crews can be based on the 
reports of the inspection and main- 
tenance crews and on emergency 
calls. In many cases, the mainte- 
nance and repair crews will be one 
and the same, depending upon the 
amount of work to be done and the 
number of men to do it. As has al- 
ready been pointed out, if a program 
of preventive maintenance is carried 
out the repair work on the sewer 
system will greatly decrease as the 
inspection and servicing phases be- 
come more effective. 

When planning a program of pre- 
ventive maintenance, the interrela- 
tionship of each of the three phases 
is an important factor to be con- 
sidered. The division of one phase 
from the other depends, of course, 
upon the situations which occur in 
each system and locality. It may 
be well to remember, however, that 
“a chain is only as strong as its 
weakest link,” and although some 
amount of division is necessary, co- 
ordination of effort will strengthen 
the whole program. 


Commission Program 

The preventive sewer maintenance 
program of the Washington Subur- 
ban Sanitary Commission was start- 
ed in April, 1951, when a systematic 
inspection of the sewer system was 
undertaken. 

The inspection program is being 
carried out by one crew consisting 
of a foreman and three laborers. 
Their inspection operations follow 
the general outline previously sug- 
gested. Between April 1 and Decem- 
ber 31, 1951, 118.83 mi. of sewer 
lines and 5,535 manholes were in- 
spected, 173 manholes were cleaned, 
and 5.52 mi. of sewer lines required 
servicing by maintenance crews. The 
progress of this inspection crew has 
been retarded because, in years past, 
many manholes in this drainage area 
were covered over and had to he 
relocated and dug out the 
procedure could continue. 

In an effort to prevent the occur- 
rence of root stoppages, the inspec- 
tion crew has heen dosing all ter- 
minal stretches of the main lines 
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CLAY PIPE RESISTS CORROSIVE GAS 
IN ANY CONCENTRATION 


THIS VAN NUYS, CALIFORNIA, 
Clay Pipe installation replaces the 
original line where the destructive 
effects of sewer gas proved that only 
Clay Pipe could handle the job 
successfully. Nearly 12,000 feet of 
30-33-36-39-inch Clay Pipe was 
installed to replace the previous 
non-clay line. The job was more 
costly because sewage from the old 


line leaked into the new trench. 


Replacement jobs like this prove that you a/ways save money 
by installing Clay Pipe first. It can’t be eaten away by any 
of the acids and chemicals found in residential or industrial 
wastes. Its cost per year of service is the lowest. And the 
new jointing techniques developed through Clay Pipe 
research result in tight, infiltration-proof lines that cut 
costs at the treatment plant. Why take chances on substi- 
tutes? Use Vitrified Clay Pipe . . . and be sure the job is 
down to stay. 


+ 





FOR VAN NUYS, CALIF.—City 
Engineer, Lioyd Aldrich of Los 


———— | irifred 





NATIONAL CLAY PIPE MANUFACTURERS, INC. 
1820 N. Street, N.W., Washington 6, D. C. 


206 Connally Bldg., Atlanta 3, Ga. 
100 N. LaSalle St., Rm. 2100, Chicago 2, Ill. 


703 Ninth & Hill Bldg., Los Angeles 15, Calif. ; 
311 High Long Bldg., 5 E. Long St., Columbus 15, Ohio 
aT AY = oP \ 


Progress in Public Health - Through Clay Pipe Research 
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inspected with approximately 2 Ib. 
of copper sulfate crystals. The period 
during which this treatment has 
been used is not yet sufficient to give 
conclusive evidence of its effective- 
ness when employed as part of a 
long-range plan. Re-inspection of a 
few key stretches where root growth 
was evident before treatment has 
disclosed that the dosing was about 
50 per cent effective. Further checks 
will be necessary before a definite 
conclusion as to its efficiency can be 
reached. The maintenance crews, as 
well as the inspection crew, are sup- 
plied with copper sulfate crystals 
and after dragging roots from a line 
are instructed to apply the copper 
sulfate treatment to discourage 
further root growth. 

During the past year, it was neces- 
sary for ‘the S Sanitary Commsision to 
make a survey of a large area where 
surcharge consistently occurred dur- 
ing rainy periods. The drainage 
area was subjected to careful study, 
which included flow tests on all 
main-line sewers and a_house-to- 
house check for illegal connections 


of drain tiles, downspouts, oversize 
areaways, and driveways. It was 
determined that the surcharge in 
this case was due to a combination 
of insufficient capacity in a portion 
of the main-line sewer and the en- 
trance of ground water and rain 
water through regulation-size area- 
way drains. 

In addition, 1951 saw the limited 
beginning of a program of annual 
flow tests of all trunk sewers in 
the sewer system. One trunk sewer 
was completely surveyed. In addi- 
tion, the rate of flow was measured 
at one point on all other trunk sew- 
ers and interceptor sewers through- 
out the system. In order to continue 
and expand the program this year, 
plans are nearing completion for 
making flow tests on each trunk 
sewer at points of confluence with 
sewer lines from large contributing 
areas. 


As for the Commission’s servicing 
and repair organizations, a careful 
examination has revealed the need 
for improving both techniques and 


Terminology in Pumping 
From Hydraulic Data* 
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equipment. Only a better program 
of routine maintenance can prevent 
recurring emergency calls. With 
ample past records in the files to aid 
in the planning of such a program, 
it is hoped that the routine main- 
tenance procedure will be success- 
fully established in the near future. 
In conjunction with this study, an 
attempt is being made to evaluate 
the effectiveness of the present sewer 
cleaning equipment as compared 
with other equipment which may be 
available. Specific recommendations 
based on this phase of the study will 
be made in an attempt to improve 
both methods and equipment. 

This program is considered as a 
beginning in the right direction and 
it is hoped to learn as it progresses. 
An open-minded attitude toward 
new ideas, and a genuine desire to 
improve services wherever possible, 
will lead eventually, it is felt, to a 
time when the causes of trouble can 
be anticipated before an emergency 
arises. That, in substance, will be 
effective preventive sewer mainte- 
nance. 


Static Head is the vertical distance in feet between the free 
level of the source of supply and the point of free discharge, 
or to the level of the free surface of the discharge water. 


Total Dynamic Head, as determined on test, where Suction 
Lift exists, is the reading of a mercury column connected to 
the suction nozzle of pump, plus the reading of a pressure 
gauge connected to discharge nozzle of pump, plus vertical 
distance between point of attachment of mercury column and 
center of gauge, plus excess, if any, ef Velocity Head of dis- 
charge over Velocity Head of suction as measured at points 
where the instruments are attached, plus head of water resting 
on mercury column, if any. 


Total Dynamic Head, as determined on test, where Suction 
Head exists, is the reading of a gauge attached to the dis- 
charge nozzle of pump, minus the reading of gauge connected 
to the suction nozzle of pump, plus or minus vertical distance 
between centers of gauges (depending on whether suction gauge 
is below or above discharge gauge), plus excess, if any, of 
Velocity Head of discharge over Velocity Head of suction as 
measured at points where instruments are attached. 


Total Dynamic Discharge Head, is the Tota! Dynamic Head 
minus Dynamic Suction Lift, or plus Dynamic Suction Head. 


Total Dynamic Head is the vertical distance between source 
of supply and point of discharge when pumping the required 
capacity, plus Velocity Head, plus friction and entrance losses. 


*lrom “Hydraulic Data,” an Ingersoll-Rand Hand-Book 


Suction Lift 


Suction Lift exists where the source of supply 1s below the 
center of pump. 

Static Suction Lift is the vertical distance from the free 
level of source of supply to center of pump. 

Dynamic Suction Lift is the vertical distance from the source 
of supply, when pumping required capacity, to center of pump, 
plus Velocity Head, plus entrance, and friction losses; but not 
including internal pump losses. 

Dynamic Suction Lift, as determined on test, is the reading 
of a mercury column connected to suction nozzle of pump, plus 
vertical distance between point of attachment of mercury column 
to center of pump, plus head of water resting on mercury 
column, if any. 


Suction Head 


Suction Head (sometimes called Head on Suction), 
when source of supply is above center of pump. 

Static Suction Head is the vertical distance from the free 
level of the source of supply to center of pump. 

Dynamic Suction Head is the vertical distance from the 
source of supply, when pumping at required capacity, to center 
of pump, minus Velocity Head, minus entrance, and friction 
losses; but not minus internal pump losses. 

Dynamic Suction Head, as determined on test, is the reading 
of a gauge connected to suction nozzle of pump, minus vertical 
distance from center of gauge to center of line pump. Suction 
Head, after deducting the various losses, may be a negative 
quantity, in which case a condition equivalent to Suction Lift 
will prevail. 


exists 
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This chart will be found useful for de- 
termining the average radius of bend that 
should be given to, common forms of pipe 
bends, numbers 1, 2, 3, and 4, as shown at 
the right, column E. 

Also, knowing the radius of bend, the 
size of pipe, and the form of bend, column 
D gives expansion allowance of that bend. 

For example a 5 in. pipe was bent to a 
radius of 40 inches, the bend being a com- 
mon U-bend as shown by No. 2 in column 
E. What expansion may be allowed? 

The dotted line drawn across the chart 
shows how the chart is used. Runa straight 
line through the 5, column A, and 


higure 3, 
the 40, column B, and locate the intersec- 


*Contribut ed by W. F. Schaphorst, M.B., 
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PIPE BENDING CHART* 


tion with column C. Then from the point 
of intersection run over to the mark in 
column E opposite the figure 2 and the in- 
tersection through column D gives the 
answer as 1.5 in. expansion allowance. 

If the size of pipe were the same, 5 
inches, the average radius 40 inches and 
the bend were a “No. 4” bend, the expan- 
sion allowance would be 3.7 inches. If the 
bend were a “No. 1” bend the expansion 
allowance would be 0.75 in. 

Similarly if the expansion allowance is 
already known, if the form of bend is 
known, and if the size of pipe is known, 
the average radius to which the bend 
should be made may be determined. In 
other words, knowing any three of the 
four factors given in columns A, B, D and 
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E the fourth or unknown factor is easily 
determined by following the method as 
explained above. 

The chart is based upon these rules: 

For Bend No. 1—Square the average 
radius of bend in inches and multiply by 
0.0026 and then divide by the outside diam- 
eter of the pipe in inches. 

Bend No. 2—Same as No. 1 but multiply 
by 0.0052. 

Bend No. 3—S 
by 0.0104. 

Bend No. 4—Same as No. 1 but multiply 
by 0.013. 

In the chart all of these operations are 
already performed—the radii are squared, 
exact outsides pipe diameters are empivyed 
and the proper factors are used. 


ame as No. 1 but multiply 
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FOR WATER WORKS FOR SEWAGE WORKS 


PHIPPS & BIRD 


EtfI 
Multiple Stirrer uent Sampler 


When several samples are mixed si- 
multaneously under identical condi- 
tions the optimum concentration of 
flocculent may be quickly selected and 
translated to plant quantities. . .. The 
mixer takes 1,000 ml. beakers. Speeds 
from 10 to 100 r.p.m. are standard. 


Cat. No. 77-700 Price $190.0€ 


ENSLOW 


Stability 
Indicator 


The effluent sampler is the answer to the problem of 
taking samples periodically from effluent streams, rivers, 
etc., for compositing and analysis. Mechanical sampling 
in this manner is more dependable, because the time 
cycle is more precise, and the volume of each sample is 
accurately controlled. The only time required of person- 
nel is that involved in changing receivers. 


This Effluent Sampler is compact, portable, simple to 
operate, with a self-priming pump that lifts liquid to a 
height of six feet, and an easily-regulated by-pass feeder. 


, ete Practically no maintenance is required. 
For checking the equilibrium of a fin- ; ; 
ished water, and supplying an index Full operating instructions are furnished with each 


useful in controlling anti-corrosion instrument. Additional electrical outlets are provided, 
ae. along with ample storage space for cord or extra tools. 





Cat. No. 83-895 Price $85.00 3 
Cat. No. 83-924 Price $187.00 


PHIPPS ABIRD, ine. 


Manufacturers & Distributors of Scientific Equipment 


6th & Byrd Streets - Richmond, Va. 
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PRIMARY TREATMENT 


yi 1E GENERALLY accepted defi- 
nition of primary treatment is the 
removal of discrete solid particles 
from sewage by physical or mechani- 
cal means. There are three processes 
involved: Sedimentation, screening 
and flotation and the first of these is 
the most important. 

Sedimentation generally takes place 
in two stages, utilizing a difference in 
specific gravity to separate different 
kinds of particles. The first stage is 
grit removal where heavy inert matter 
(sand, cinders etc.) is removed, the 
second stage removes the lighter or- 
ganic settleable solids. Both stages de- 
pend on natural gravitational forces 
and the maintenance of velocity of 
flow at some definite rate. This rate 
must allow the particles to subside or 
settle rather than keeping them in 
suspension due to counter gravita- 
tional forces created by the relatively 
rapid forward motion of the liquid 
and its attendant swirls and mixing 
characteristics. High velocities will 
pick up relatively large and heavy 
particles as well as light and small 
particles 

Flotation involves the use of the 
buoyant effect on particles lighter 
than water. In rapidly flowing liquid 
these particles tend to become mixed 
throughout the liquid. When the velo- 
city of flow is reduced these particles, 
including greases, oils, matches, etc. 
rise to the surface where they can be 
removed 

Screening involves the passage of 
a liquid through some physical device 
which contains openings of definite 
size which will allow passage of small 
particles but will catch large objects. 


Grit Removal 


contains grit; even 


water is 


All sewage 
where storm completely 
separated from domestic sewage. It 
is the function of the grit chamber to 
remove inert matter particularly sand, 
cinders, etc. If the velocity of flow of 
sewage is reduced to less than 1.0 ft 
per sec but more than 0.7 ft per sec 
then particles with a specific gravity 
of 2.6 and a size of 0.2 mm in di- 
ameter will be removed. Smaller par 
ticles will not settle 

Grit chambers are usually designed 
to allow from 20 to 60 seconds deten- 
tion time ; the shorter time being used 
in small plants. Provisions must be 
made for removing the settled grit. 
In smaller and older plants, duplicate 
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chambers are used so one can be taken 
out of service for hand cleaning. In 
newer and larger plants, grit cham- 
bers are designed with mechanical 
equipment ( flights, scrapers and buck- 
ets) for the continuous removal of 
the settled grit particles. 

In most sewage plants, some or- 
ganic matter, particularly garbage par- 
ticles, earth worms, and some sewage 
particles will settle out with the grit. 
This organic matter is putrescible and 
might cause odors if the grit is used 
for fill. To remove this organic matter 
the grit is washed in special mechani- 
cal washers which return the organic 
matter to the sewage and discharge a 
clean grit. 

The amount of grit removed de- 
pends on the particular plant and 
characteristics of the sewage. The 
volume of grit may be less than 1 cu 
ft per mil gal or as high as 4.5 cu ft 
per mil gal, particularly where a com- 
bined sewer system exists. 


Screening 


To protect pumps and to remove 
large suspended and floating solids 
screens are used. These are usually 
constructed of inclined bars spaced 
from '% to 5 in. apart. Sewage passes 
through these bar screens at veloci- 
ties of 2 to 3 ft per sec. In small 
plants, screens are cleaned by hand 
raking, but in large plants mechanical 
rakes are used. Basket screens have 
also been used as have cages for trash 
racks. Mechanical rakes are usually 
operated on a time cycle or loss of 
head basis. 

The amount of screenings, com- 
posed of rags, paper, parts of clothing 
and other discarded personal effects 
varies with the community. Screening 
quantities run from 0.7 to 4.3 cu ft 
per mil gal. This material is wet, 
odorous, putrescible and generally ob- 
jectionable. 

Screenings removed from sewage 
may be buried, burned or mechanically 
ground and returned to the sewage, 
particularly where mechnical raking 
of the screens is practiced. Another 
practice is that of grinding (commi- 
nuting) the screenings beneath the 
surface of the flowing sewage by 
movable shredder blades which rotate 
or oscillate between the openings of 
a % in. slotted drum or flat screen. 

Few installations exist where fine 
screens with relatively smal! openings 
(1/32 to 3/32 in.). The quantity of 


solids removed on these screens 
amounts to 10 to 20 per cent of the 
suspended solids. These screens may 
be flat discs rotating on an inclined 
axis, a rotating drum, or an endless 
belt. The Reinsch-Wurl type is the 
most widely known—all types must 
be continually cleaned to maintain ef- 
ficiency and prevent clogging. 


Sedimentation 

Sedimentation of sewage solids is 
the main function of primary treat- 
ment, but as solids are removed so too 
is a portion of the B.O.D. Sedimenta- 
tion may take place in Imhoff tanks, 
or in settling tanks equipped with 
mechanical sludge removers. 

The Imhoff tank is a two story 
tank, in the upper portion of which, 
settling takes place, while digestion of 
the settled solids proceeds in the lower 
compartment, separated by baffles 
from the settling compartment. 

Plain settling tanks with mechanical 
sludge removers are termed clarifiers. 
hey are usually fairly shallow tanks, 
circular, square or rectangular in 
which mechanical flights or scrapers 
push the settled sludge to some one 
point from which it can be transferred 
to digestion tanks. 

In well designed clarifiers, 55 to 60 
per cent of the suspended solids (or 
85 to 90 per cent of the settleable 
solids) will be removed. At the same 
time approximately 30 to 35 per cent 
of the B.O.D. will be removed. In 
order to improve these removals by 
15 to 20 per cent, certain aids to pri- 
mary treatment may be practiced. 
These aids include mechanical floc- 
culation and chemical precipitation 
and effluent filtration on magnetite 
filters. 


Flotation 


Some of the removals obtained in 
settling tanks include suspended mat- 
ter with a specific gravity less than 
one. This matter will rise to the sur- 
face of settling tanks and can be 
skimmed off ard removed for dis- 
posal. An aid to the flotation process 
air may be introduced, in fine bubbles, 
into the sewage to aid in floating non- 
settleable solids. 


The material which settles out be- 
comes raw sludge, that which floats 
is skimmings. The disposal of these 
is a subject in itself. 





Screening, Grinding, and Grit Collection Equipment 


Partner, 


GOME years ago Dr. Karl Imhoff made 
a rather extensive tour of United States 
and Canada inspecting sewage treatment 
plants. Near-the end of this trip he ob- 
served to the late Mr. Harrison P. Eddy, 
that “in America it is fashionable to be 
mechanical.” The trend, as observed by Dr. 
Imhoff, has continued and developed so 
that today it is not only fashionable, but 
practically necessary “to be mechanical” in 
order to take advantage of advances and 
developments in sewage treatment methods 
and processes. 


Mechanization of Sewage 
Treatment 

The mechanization of sewage treatment 
has not been, and is not free of problems 
which trouble designers, manufacturers, and 
operators. Initial installations of new proc- 
esses and equipment are usually accom- 
panied by difficulties necessitating changes, 
adjustments, and further developments. 
Even in the case of equipment which has 
been used for many years, it is desirable 
occasionally to evaluate experiences and to 
consider what lessons have been learned 
and what improvements can be made. It is 
recognized that the individual experiences 
may not be general. The characteristics of 
sewage and of the materials removed there- 
from, vary so widely from time to time and 
from place to place that individual experi- 
ence with any particular piece of equipment 
may range from highly satisfactory to un- 
workable. There i is an old saying that * ‘what 
is one man’s food is another man’s poison,’ 
and another that “the proof of the pudding 
is in the eating.” 

However, from the extensive experience 
with many treatment plants, some general 
conclusions can be derived which shou'd 
be helpful to sanitary engineers in their 
search for the best equipment for any. par- 
ticular service. 

The designing engineer’s problem is to 
specify and procure equipment that will 
perform the desired services in a satis- 
factory manner for a reasonable life and 
involve a minimum of maintenance and 
operating expense. The manufacturers, 
without doubt, have similar aims, but thev 
are in general in a highly competitive field, 
and unless the plans and specifications are 
clear and specific, the client may not always 
obtain the best equipment for the particular 
service. Much equipment in the sewage 
works field is subjected to abrasive and 
corrosive conditions. Equipment must be 
sturdy and careful attention given to choice 
of materials or to painting and protective 
coatings. Ready replacement of parts sub- 
jected -to wear should be provided for. 
Equipment which does not satisfactorily 
perform the service for which it was pro- 


by FRANK L. FLOOD 
Engrs., Boston 


Metcalf & Eddy, Cons. Eng 


vided causes headaches to the operators and 
reflects unfavorably upon the designing .en- 
gineers and the manufacturers. 

Sewage plant mechanization places cer- 
tain responsibilities on the authority served. 
The necessary personnel and funds for 
maintenance, operation, renewals and re- 
pairs must be provided. The personnel must 
be capable and willing to make the equip- 
ment function in accordance with its pur- 
pose. A great deal of expensive equipment 
at sewage treatment plants may seen 
lying idle, serving no useful purpose and 
deteriorating from lack of the necessary 
funds or the will or the know-how to make 
it work. Some of this idle equipment was 
possibly not suitable in the first place, but 
much of it could be operating successfully 
with proper care. 


Racks 


The operation of mechanically cleaned 
racks has frequently been accompanied by 
excessive wear on moving parts, stalling of 
the rakes, failure of float-operating con- 
trols to function, excessive corrosion of 
rakes and bars and other difficulties with 
resultant excessive repair and maintenance 


(1) Municipal Sanitation, August 1938, page 
391. 





Mass 


costs. Improvements and refinements in de- 
sign make it possible to eliminate some of 
these troubles. 

The difficulties encountered in the oper- 
ation of large mechanically cleaned racks 
within the Chicago Sanitary District, have 
been given considerable study and analysis. 
The fundamental principle of design which 
greatly reduces the cost of maintenance 
and repairs as reported by L. M. Johnson” 
may be summarized as follows: 

1. All parts should be designed to carry 
loads required of them. 

2. Motors should be selected within the max- 
imum safe stresses of all parts. 

3. Removable mild steel wearing strips should 
be provided on chain guides. 

4. The rack mechanism should be pivoted at 
the floor line so that it can be lifted out of the 
flow in the event of a jammed rake 

5. The chains should be of heat-treated mal- 
leable iron. 

6. The sprocket teeth should be chilled to 
produce extremely hard wearing surfaces. 

7. Wide wearing shoes should be provided on 
the chain side bars. 

8. The rake teeth should be of high bending 
strength and readily replaceable. 

9. The rakes should be operated intermittently 
by time switches. 

The city of New York accepted a design 
of mechanical rack-cleaning equipment for 
the Manhattan grit chambers in which the 
teeth entered the screen bars against the 


any 





Bristol, Conn.—Bypass Rack and Chicago Pump Co. Comminutors 
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bottom. Thence the rake moves 
»ward direction with the teeth pro- 
veen the bars out on the face 
carrying screenings along the 

! Che rakings fall off 

screen bars. The 

s installation at 

ambers were so satis 

f New York has, ~we 

this type of rack for 

rough investigation of the 

racks at the Manhattan 

Karl R. Kennison, Chieti 

Division Boston 

on adopted 
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d plant in 
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Screenings Grinder—Jeffrey Mfg. Co. 


Common methods of control include time The clock controls involve less installation 
cost than float or air controls and are not 
subjeeted to the difficulties encountered 
with float controls. 


clocks and floats operating on either high- 


water level in part of the rack or the 


differential water level in front of and fol- 
: ' 


Some authorities require that all mechan- 
ical rack operating units, normally operated 
"y timing devices, be provided with aux- 
iliary float controls which will set the 
raking mechanism in operation at pre- 
istomary to set tl r- determined high-water marks independently 
1 so as to tak ire of the of the timed control 


ate of accumulation of materials The use of float controls has been trouble- 


Obviously, for much of the some at some installations because of solids 
ick operates more frequently accumulating on the floats and on suspension 
red. resulting in unnecessary cords and because of their corrosion in the 
nechanism and on the controls, "ack channels. The condition as regards the 
accumulation of materials on floats has 
been corrected in part at least, by pro- 
viding float wells adjacent to the rack 
channels and connected thereto. A small 
quantity of flushing water creating a flow 
from the float wells into the rack channels 
can be provided to keep the float wells 
reasonably fresh and free of sewage solids 
Corrosion can be overcome for the most - 
part by careful selection of materials of 
construction 


cl 


Va 








To eliminate the difficulties encountered 
with float controls, a system of controls 
which rely on differential air pressure in 
pipes, immersed in the sewage in front of 
and behind the rack has been developed 
This system is reported to give very satis- 
factory results. A small amount of air is 


necessary to activate the controls 





Rakings 


The materials removed by racks are 
offensive to sight and smell. It is desirable 
to dispose of them promptly with a mini- 
mum of handling. Much of the material 
removed by racks can be disposed of with 
the other sewage solids after grinding or 
comminution. Pieces of metal and sizeable 
chunks of wood should be removed from the 
rakings and disposed of separately. The 
common methods of preparing the solids 
returnable to the sewagee flow, are by com 
minutors, grinders, and triturators. At the 
Los Angeles Hyperion plant, the rakings 
removed by the racks ahead of the Dorr 
detritors will be treated by an installation 








Decatur, Ill_—Screenings and Grit Separators Mechanisms by Walker Process Equip- 
ment Co. 


w.&S.Ww REFERENCE & DATA—1956 





(Sreater 
Flexibility in 
omminution 


For Sewage Flows From .005 to 250 MGD 
Per Machine Installed In A 6° Pipe, A 
Basin Or A Rectangular Channel Section. 


Sa 


Model “‘A’’ Barminutor Screening and Comminuting Machine. 
Designed for use in rectangular channel sections 4 to 12 feet 
wide, sized for flows of 10 MGD and upwards. 


The greater flexibility and wide applicability of comminution 
made possible by the equipment illustrated here is the 
result of Chicago Pump Company’s original development 
of comminution and the Comminutor and its 20 years of 
experience in over 4000 installations of exclusively successful 


comminution. 


“Continuous screening and subsurface cutting of 
coarse sewage material without removal from the 
sewage flow, eliminating unsightly mess, nuisance 


and odor from screenings 


The Comminutor Screening and Comminuting Machine. De- 
signed for use in hydraulically designed feeder basin, sized 
for flows from .175 to 25 MGD per machine. 


4 Model "‘B"’ Barminutor Screening and Comminuting Ma- 
chine. Designed for use in rectangular channel sections 1 to 3 
feet wide, sized for flows from .09 to 15 MGD. 


Model 7B Comminu- 
tor Screening and 
Comminuting Ma- 
chine. Designed for 
use in 6” or 8” 
sewer pipe, sized for 
flows from .005 to 
.175 MGD per ma- 


chine. 


ine CHICAGO PUMP COMPANY 


C| subsidiary of Food Machinery and Chemical Corporation 


SEWAGE EQUIPMENT DIVISION 
#22 DIVERSEY PARKWAY © CHICAGO 14, ILLINOIS 





Prgpang ong toe ®, Plunger. Horizontal and Vertical Non-Clogs Water 
Sones 5 Swing ae emg’ Ditfusers, Mechanical 
aribers 
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Denver, Colo.—Automatically 


Cleaned Bar 





Screens and Chain Belt Screenings 


Triturator 


of Chicago comminutors. At the Toronte 
Ashbridges Bay plant, each of 6 racks will 
be equipped with a Jeffrey grinder. The 
rakines will be discharged onto a sorting 
table and manually fed to the grinders after 
materials not suitable for grinding or return 
to sewage flow have been removed. 

At Baltimore, there are a number of 
installations at which the rakings at each 
rack discharge to a short belt conveyor 
These rakings are thence carried to a 
separate grinder for each rack and are com- 
minuted. Keefer reports that these installa- 
tions work automatically without the neces- 
sity for manual removal of metallic and 
bulky materials. The evidence at several 
other plants is that it is not safe to rely 
upon automatic operation for feeding 
rakings to the grinders. 


Comminutors 
discussion the 
will be used to denote 
intercept and cut up coarse 
while still immersed in the 
ge flow. Until recently the Chicago 
Co. comminutors have had compe- 
n this field primarily from a combina 
of mechanically cleaned rack and 
triturator The Worthington 
comminutor has been introduced recently 
and other machines for cutting up solids 
in the sewage flow have been, or are being, 


word 
mecha 


For 
communutor 


which 


purposes of 


nisms 


sewage solids 


grinder of 











Fells, N.J.—Worthington's Com- 


minutor 


Essex 
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developed 


While the teeth, comb and drum of the 
Chicago comminutor have been made of 
tough, wear-resisting metal, experience has 
shown that the wear is considerable, par- 
ticularly on combined systems, unless the 
comminutors are preceded by grit channels 
The Chicago Pump Co. has made recom- 
mendations for location of comminutor in 
respect to grit chambers as follows 

“Where grit chambers required to 
remove heavy grit from combined sewage 
or gravel from street-wash, it is preferable 
to locate the comminutors downstream 
from grit chambers 

“Where it is not feasible to locate com- 
minutors downstream from grit chambers 
due to structural difficulties, or to the pos- 
sibility of clogging mechanical grit-removal 
mechanisms by uncut rags, special precau- 
tion should be taken to make the com- 

le as possible for 


are 


minutor basin as accessible 
periodic removal of grit by the operator, 
to prevent undue accumulations.” 

Where grit chambers are required but 
conditions do not make it advisable to in- 
stall mechanical grit-removal equipment, 
the comminutors usually can be conven- 
iently located following the grit channels 
Where mechanical grit-removal equipment 
is provided and comminutors are located 
ahead of the erit channels, then not only 
must the special precautions noted by the 
Chicago Pump Co. be followed but it 
should be recognized bv the designer. op- 
erator, and owner that the necessary labor 
and expense must be provided to maintain 
reasonably sharp teeth to maintain reason 
ably sharp teeth and to replace worn parts 
as required 

At the Nut Island plant. Boston, it was 
advisable to install mechanically 
cleaned coarse bar racks ahead of the me- 
chanically cleaned grit channels and to 
provide comminutors to handle the normal 
drv-weather flow at the effluent end of the 
grit channels. Supplementary mechanically 
cleaned fine screens were provided at the 
effluent end of the erit channels to treat 
storm flows in excess of normal maximum 
dry-weather rates. The screefines removed 
by both the coarse and fine racks will be 
returned to the sewage flow ahead of the 
comminutors The comminutors were 
suppliedihy the Chicago Pump Co. and the 
rack eaujpment by the Jeffrey Manufac- 
turing Co 
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Grinders and Triturators 


Machines for cutting up sewage solids 
are removed by racks and screens, out of 
the sewage flow, are available in two main 
types, the grinder as manufactured by 
Jeffrey and by Gruendler and the triturator 
as manufactured by the Chain Belt Com- 
pany. The grinder is designed to grind the 
screenings between a high-speed rotor 
equipped with swing hammers, and a ser- 
rated shredder plate. The swing hammers 
are commonly made of high-carbon steel 
hardened and tempered, made easily re- 
movable and capable of being shifted end 
to end and side to side so as to give four 
wearing edges. The shredder bar assem- 
bly is also usvally made of high-carbon 
steel, hardened and tempered, and with 
easily replaceable bars. 

The triturator at one time consisted essen- 
tially of a toothed rotor revolving at high 
speed between two grates, the cutting teeth 
intermeshing the grate bars. As presently 
described, the toothed rotor operates against 
a perforated screen for positive extrusion 
of the rakings through the screen holes 
and simultaneous shear cutting by the teeth 
against the screen. 

At Buffalo, N.Y., the screenings from the 
fine racks were passed through triturators 
for the first six years of operation at the 
3irds Island plant. For the past four years, 
however, the screenings have been disposed 
of by burial after the operators reached the 
conclusion that handling, transporting and 
burial presented less of a problem than 
grinding. At this plant, it was found that 
the screenings contained so much hard ma- 
terial, such as bits of stone and pieces of 
metal and wood, that the effective life of 
the teeth was very short. New or re- 
sharpened teeth became dull in a very few 
hours of operation and then did not prop- 
erly shred the material passed through 
them. This gave a great deal of trouble 
further along because of the condition in 
which the rags were left. 
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Thru-Clean Bar Screen by Link-Belt Co. 











Both grinders and triturators have been 
in successful operation for at least ten years 
in moderate-sized sewage treatment plants 
with which we have been associated as 
engineers. 

Balls of material have been known to 
accumulate on the grinder shredder plate 
which cause trouble later on in the plant 
as they finally drop off. It is believed ad- 
visable, when feasible, to return the dis- 
charge from grinders and triturators to 
the sewage ahead of the racks. 


Other Operating Information 


As typical examples of operating in- 
stallations the following paragraphs set 
forth information on three plants. 


A mechanically cleaned bar rack and 
grinder as supplied by the Jeffrey Mfg. 
Co. was installed at the North Adams, 
Mass., sewage treatment plant during 
1936 and has completed 13 years of opera- 
tion. The maintenance work on the indi- 
vidual parts as reported by Paul Fleming, 
Plant Supt., has been very small. The rake 
jams occasionally if the chains become un- 
even, but this has not been considered seri- 
ous by the operators. Automatic operation 
of the grinders is not employed as it has 
been learned from experience that large 
masses of rakings will clog the grinder 
necessitating opening it up and cleaning it 
out. New rotor weights have been placed 
on the hammers three times in 13 years. 
This involves only a moderate expense. 


A mechanically cleaned bar rack and tri- 
turator as supplied by the Chain Belt Co. 
and installed at the Tonawanda, N.Y., sew- 
age treatment plant was placed in operation 
in 1940. The operating experience has been 
reported to the author by James J. Kampas, 
Chief Operator, and Benjamin Hinkey, 
City Engr. The rake is operated either by 
time clock or manual control. Large ob- 
jects have at times jammed the rakes at 
the bottom of the rack necessitating de- 
watering the rack channel for their removal. 
It has been found necessary to replace the 
rakes, bars, lower sprockets, and scraper 
arms because of wear and tear. The tritu- 
rator teeth are periodically sharpened and 
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Sheboygan, Wisc.—Two Rex Grit Collectors and Rex Separate Grit Washer 


need to be replaced on the average after 
two to three years of service. 

Inquiry has also been made as to 
operation of the rack equipment at the 
Bloomington and Normal Sanitary Dis- 
trict. In the January 1940 issue of Water 
Works and Sewerage the satisfactory op- 
eration of the Chain Belt mechanically 
cleaned bar rack and triturator was de- 
scribed by Orie J. Hendryx, then Supt. of 
the Bloomington and Normal Sanitary Dis- 
trict. Mr. George L. Hall, the present su- 
perintendent of this plant, reports to the 
author that the original equipment is still in 
use except that the chain was replaced in 
1948. Equipment to replace the lower boot 
section including sprockets and pins is at 
hand to make this replacement when it be- 
comes necessary. Mr. Hall reports that the 
operation of the equipment during the past 
eight years has been satisfactory. 


the 


2—Grit Chambers 


The more prominent of the various 
means that have been used for the me- 
chanical removal of grit from grit cham- 
bers at sewage treatment plants may be 
summarized as follows: 


Scraper blades or flight conveyors 
Bucket conveyors 

Inclined flight conveyors 

Inclined screw conveyors 
Vertical bucket elevators 

Belt conveyors 

Grab buckets 

Grit eductors and ejectors 


The above equipment may be used sepa- 
rately or in various combinations. The grit 
may be collected at the influent end of chan- 
nels by means of flight conveyors, scraper 
blades, or horizontal bucket conveyors, and 
then elevated by inclined flight conveyors, 
inclined screw conveyors, or by vertical 
bucket elevators or be pumped by eductors 
or ejectors. The grit as elevated from the 


individual channels may be then transported 
by means of flights, buckets and screw or 
belt conveyors to further treatment units or 
to points of disposal. 

It is difficult to obtain manufacturers’ 
agreement on recommendations for grit 
channel equipmerit. Each manufacturer has 
his own ideas as to what should be pro- 
vided. These ideas are influenced, in part 
at least, by one of several reasons. Gen- 
erally, the manufacturer desires to in- 
corporate methods and equipment which: 
(1) he has tried and perfected to a reason- 
able working basis, (2) has become more 
or less standardized with the company, (3) 
he holds patents on, (4) will avoid in- 
fringement of patents held by others, or (5) 
will enable the manufacturer to compete 
on a favorable basis for the work of fur- 
nishing the equipment 


Severe Wear Encountered 

The scraper blades and flights used for 
conveyors and felevators, the bucket con- 
veyors and elevators or the inclined screen 
conveyors and elevators, all require mov- 
ing equipment immersed or partially im- 
mersed in the sewage and grit. Due to the 
abrasive character of the materials han- 
dled and other operating conditions, grit 
chamber equipment of this type is sub- 
jected to a high rate of wear. In its de- 
sign, therefore, the emphasis should be 
placed upon rugged, durable construction, 
with ready means for replacement of worn 
parts 

The operation of equipment in the grit 
chambers at Buffalo has been described by 
Johnson.* In these chambers the grit is col- 
lected by flights riding on rails embedded 
in the concrete floor. The shoes on the 
flights wore out rapidly and when replaced 
by shoes of highly resistant metal the soft 
steel guide rails wore down and had to 
be renewed. A design was developed in 
which the wear was taken by an easily re- 
placeable wearing rail. 

Tail bearing assemblies at the ends of the 
inclined screen convevors were cut to 
pieces within a short time by the passage 
of fine grit particles into the bearing. The 
life of this bearing was prolonged by a 
combination of steel, rubber and paper 
gaskets with an adjustable packing gland 
which has excluded for a longer term and 
to a greater extent the working of abrasive 
material back into the bearing. 
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Aer-Degritter and Comminutor installation, Mayfield, Kentucky. 
- Design flow 1.5 M.G.D. Russell, Axon & Associates, Engineers. 
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Air Controlled Settling Velocities POINTS OF SUPERIORITY OF THE 
Independent of Flow 


AER-DEGRITTER* 


1. Relative location of grit hopper and 
air diffusers. in the Aer-Degritter* the diffusers are 
elevated above the tank floor and the grit hopper is di- 
rectly beneath the air diffusers. This permits greater flexi- 
bility of control of tank bottom velocities regardless of 
The Aer-Degritter*® removes grit and sand from sewage volume of sewage flow. It is these bottom velocities that 
control the deposition of clean grit and fine sand without 
, ‘ a ee also depositing organic material. Tests made on grit re- 
the sewage in the grit tank. Phe method provides a asved ty hepGeniien? te ceauidinty Gach ten 
quiescent zone beneath the air diffusion media to effect than 0.05% putrescibles. 


through the use of air to effect a controlled velocity of 


a selective deposition of clean grit without organics. : . 

2. The equipment used to introduce air 
; - . . to the sewage. The use of Swing Diffusers and 
ing and deposition are effected in a single tank. Precision Diffuser Tubes permits easy access to the grit 
hopper and cleaning of the diffuser media without taking 
the tank out of service. 


There is no need for separate grit washing tanks. Wash- 


The principle of air controlled velocities was first 

demonstrated in sewage treatment plants designed by ee a a 
‘ A . - . a 7 a 7"... tself is covered by U.S. Patents No. 2,532,457, No. 2,144,385, 

the office of Charles H. Hurd. Consulting Engineer. The ee tone ad en a 

Hurd method, using diffuser plates located behind the 


hopper, was an improvement over the then practiced 


means of rae var — mere "we ge =o OVER 140 AER-DEGRITTERS IN* 
gritter” using diffuser tubes located directly above the 
OPERATION IN LARGE AND SMALL PLANTS 


hopper is, in turn, an improvement on the Hurd method. 
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Rock Island, 


The grit chamber equipment at the Dis- 
trict of Columbia Blue Plains plant was 
originally supplied with inclined screw con- 
veyors with thrust bearings near the bot- 
tom of the grit hoppers. Because of con- 
tinual submergence in grit, these bearings 
lasted only a very short time. To overcome 
this difficulty, the bearings were replaced 
by ball thrust bearings above the sewage 
level. In addition to eliminating the fre- 


quent failure of the underwater bearings, 
much smoother operation of these units 
resulted. 

The grit chamber equipment at the To- 
ronto Ashbridges Bay plant includes bucket 


conveyors and elevators on parallel end- 
less strands of chain. The rails in the 
concrete channel bottom have readily re- 
placeable wearing plates. The attachments 
supporting the buckets include removable 
Ww earing shoes of gray cast iron to ride on 
the rails imbedded in the channel bottom 
and on the angles supporting the return 
flight. The return angle rails and the re- 
movable wearing shoes are of ™% in. thick- 
ness. 

In an effort to reduce the wear on chains, 
attachments, shoes and rails, the Chain 
Belt Co. has devised and advocated con- 
struction as shown in the accompanying 
figure. This provides in effect a chain guard 
which prevents grit from falling directly 
onto or compacting directly upon the 
conveyor chain, thus reducing the abrasive 
action of the grit on the chain, its sup- 
porting attachments, and the guide rail. 


Overload and Shear Pins 

In the past, grit-collector equipment has 
been protected from overload largely by 
the use of shear pins. The objection to the 
use of shear pins has been that as these 
break under overload the operators have 
been inclined to replace them with stronger 
pins unti! a chain, sprocket, shaft or other 
element is seriously damaged or broken re- 
quiring major repairs. The development 
and use of stalling torque motors on grit 
chamber equipment so as to eliminate the 
use of shear pins was discouraged during 
the war and has been somewhat neglected 
since. Recently adjustable overload release 
devices have been advanced which are de- 
signed to mechanically disengage the grit 


ll_—Jeffrey Grit Collectors 


collectors from the motor when overloads 
are encountered. 

In order to secure truly competitive bids 
on grit chamber equipment, it may be 
1ecessary to provide detailed specifications 
and reasonably detailed plans. 

The hunting tooth or extended life 
sprocket of alloy cast iron with a nickel 
content of 1.00 to 1.25 percent and a 
chromium content of 0.45 to 0.65 percent 
with teeth chilled to give a hardened wear- 
ing surface should give reasonable life, 


Velocity Control 

In many grit channels the effective re- 
moval of grit is dependent upon control of 
velocity. Various devices have been used to 
effect control so that a velocity in the vicin- 
ity of 1 ft. per second is maintained 
throughout the range of sewage flow from 
minimum to maximum for which the chan- 
nel is designed. This may. be accomplished 








R-253 


by properly designed proportional weirs for 
rectangular channels which increase the 
depth of flow in direct ratio to the increase 
in rate of flow. This plan may require con- 
siderable loss of head at the grit channel 
during maximum rates of flow. 

It is common practice at present to pro- 
vide control sections following grit chan- 
nels, such as the Parshall tiume or the 
Camp regulator as manufactured by 
American Well Works,’ and to design the 
cross-section of the grit channel to suit the 
backwater conditions created by the con 
trol section. Where the Parshall flume 
serves as the flow level control section ior 
the grit channels, it is also usually 
adapted for measurement of sewage flow.’ 
It is convenient to provide a flow indicator 
at the flume and adjacent to the grit chan- 
nels so that the experienced operator can 
readily determine the number of channels 
which it is advisable to have in operation. 


Grit Conveyors 

3elt conveyors for horizontal transporta- 
tion of grit from multiple grit channels to 
grit-washing, storage, and disposal points, 
appear to operate with less maintenance 
costs than scraper, bucket, or spiral con- 
veyors., 

Pneumatic grit ejectors as made by 
Krajewoski-Pesant Manufacturing Co. are 
provided at the Tallmans Island plant in 
New York for discharging grit from the 
grit house to storage tanks in an adjacent 
building. 

Fuller*. reports successful operation with 
a pneumatic grit washer and ejector at 
Olean, New York. He states that for- 
merly six man-days were required to re- 
move the grit by hand, chain hoist, and 
truck, followed by burial, whereas the air- 
lift system washes the grit and disposes of 
it in thirty minutes. The washed grit is 
discharged to the Allegheny River. It is 
noteworthy that the air-lifted grit dis- 
-harges through a 6-in. pipeline as compared 
with 3-in. and smaller pipelines used in 
connection with some grit eductors and 
jet pumps. 


Grit Cleaning 

The purpose of providing grit cleaning 
equipment is to remove the organic and 
putrescible materials settling with the grit 
so that the resultant product will be rela- 


4 





Wisconsin Rapids, Wisc.—Jeffrey Jigrit and Collector 
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Jeffrey Screens meet every re- Jeffrey Grit Washers produce grit that's Jeffrey Grit Collectors are selected to 
quirement ... Jeffrey Grinders pro- suitable for use as fill without any further suit the accumulation rates at each 
vide sanitary disposal of screenings. treatment. sewage treatment plant. 
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FLOW DIAGRAM OF COMPLETE 
SEWAGE TREATMENT PLANT 
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Jeffrey Primary and Final Settling Jeffrey Collectors and Drive Units are Jeffrey Sludge Elevators are sturdily 
Tanks give stable flow conditions, long lived and inexpensive to maintain. constructed of materials selected to 
assuring maximum sedimentation. resist wear and corrosion. 


let JEFFREY MECHANIZE your sewage treatment plant! 


Hundreds of treatment plants are Jeffrey equipped 
—servicing villages of 1500 to cities of several ; 

million. This wide experience enables Jeffrey All re i= ec La Pe EW 
Sanitary Engineers to offer you sound advice on woo" 
your sewage disposal problems. This service is 
described in Catalog 833-A. The Jeffrey Manufac- 


" CONVEYING « PROCESSING « MINING EQUIPMENT 
turing Company, Columbus 16, Ohio. 


TRANSMISSION MACHINERY ¢ CONTRACT MANUFACTURING 








tively free from objectionable character- 
istics, particularly odor. 


A relatively clean grit can be obtained 
if the grit disposal conditions make this 
necessary. Under ordinary conditions of 
grit disposal in spoil areas, grit of satisfac- 
tory quality may be obtained by one of sev- 
eral different processes. In many plants, 
satisfactory results have been obtained by 
returning the grit as first removed, back 
to the inlet of the grit channels at the 
surface of the flow. The grit is thus washed 
in the sewage fiow and after washing is 
again removed by the equipment provided 
therefor. 

The Dorr detritor has been described 
and operating data from 41 installations has 
been reported by Kivell and Lund.’ The 
detritor grit chamber is square in plan. 
The grit is collected at one side of the 
chamber by means of scraper blades on re- 
volving arms, and is then elevated by 
means of reciprocating scraper blades 
working on an inclined plane. The recipro- 
cating rakes create turbulence and a back 
and fill motion as the grit is carried up the 
slope, which tend to throw light organic 
materials into suspension. 





Other manufacturers recommend the use 
of an inclined screw conveyor for removing 
the grit directly from the grit channels. The 
Link Belt equipment at Peoria and the 
Chain Belt equipment at the District of 
Columbia are of this type. 


In some plants the grit as removed from 
the grit channels is deposited in separate 
grit-washing charmels equipped with either 
inclined screw conveyors or reciprocating 
rakes. 

The “Jigrit” washer as manufactured by 
Jeffrey has been installed at several New 
York City plants and has been selected for 
the Nut Island plant in Boston and the 











Ashbridges Bay plant in Toronto. The grit 
as removed from the grit channels is dis- 


Bristol, Conn.—Builders-Providence Parshall Flume Register and Recorder 


mee to a on ee by 
, stratification and washing of adhering or- 
FECEIVER ganic solids. The principal wearing ‘part in 
the washer is the diaphragm which in some 
instances has required replacement on the 
average of once each year. The early tests 

x of this equipment at the Indianapolis plant 

=} have been reported by Nichols and 
GRIT O'S Tolman. 


























+ Grit Storage 
In mechanically-cleaned grit chambers of 
conventional design in which the grit is 
moved by means of flights, buckets or 
screw conveyors, the equipment must be 
operated as frequently as is required to 
prevent it from becoming buried in grit to 
the extent that it will not start up. Inter- 
mittent operation may be practical during 
dry weather, but frequently continuous op- 
eration is necessary during periods of 
storm a In many rr it is necessary 
~— . - iw. to provide some form of grit storage fa- 
tly MR LINE A cilities to act as a sesureale between the 
operations of grit removal and the filling 
Fr of trucks to haul it away for disposal. Ele- 
600. CASING make 9 0 ee ae vated storage bins have been quite com- 
ses A monly used. It has frequently been found 


LIFT PUMP “ rte oa! rs “ that the grit compacts in the conical hopper 
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bottoms of these bins above the grit draw- 











. e off gate, making it difficult to load the 
So -2 noes 1m 6° PIPE rr oer trucks. It has been found that air intro- 
: duced to the grit bin just above the gate 
makes it possible for the grit to flow so 
that it can be drawn off readily and 
smoothly. 
Particular attention should be given to 
the design and construction of gates be- 
neath the storage bins. In several plants 
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Olean, N.Y.—Details of pneumatic grit washer and ejector—After Fuller 
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How to plan sewage, water and 


FOR THE 


Specify LINK-BELT 
equipment . .. lasting, 
efficient, flexible 


[* many cities, growing populations 
have required expandability to be 
designed into water and sewage treat- 
ment systems. Increasing production, 
plus anti-pollution measures, creates 
much the same situation in industrial 
waste treatment. The broad range of 
long-life Link-Belt sanitary engineering 
equipment is helping to meet these re- 
quirements—permitting design flexibil- 
ity that provides for easy enlargement 
with minimum changeover. 

Our sanitary specialists will work 
with your own engineers, chemists and 
consultants. For more details, call your 
nearest Link-Belt office. 


This Eastern sewage plant had to provide mated 1,200,000 expected by 1970. Link-Belt 
practical sewage treatment for a population supplied screens, grit collectors and sludge 
of 870,000—yet be able to serve an esti- collectors to handle 136 mgd. 


OTHER LINK-BELT PRODUCTS INCLUDE: 
Scum breakers, air diffuser units, 
non-clogging spray nozzles, trav- 
eling water intake screens, Roto- 
Louvre sludge dryers, chemical 
handling machinery, car spotters 
and haulage systems . . . Catalogs 
sent on request 


SANITARY ENGINEERING EQUIPMENT 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are 
Link-Belt Plants and Sales Offices in All Principal Cities. Export Office, New York 7; Canada, Scarboro 
(Toronto 13); Australia, Marrickville, N.S.W.; South Africa, Springs. Representatives Throughout 

the World. 14,082 


GRIT COLLECTORS AND WASHERS 
effectively collect and wash settled grit 
and separate it from putrescible or- 
ganic matter before removing 


STRAIGHTLINE COLLECTORS for rec- 
tangular settling tanks feature peak- 
cap bearings, pivoted flights and 
Straightline action for top efficiency. 
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STRAIGHTLINE MIXERS for rectangular 
tanks, cross or transverse horizontal 
flow. Degree of mixing can be varied 
to produce maximum size floc. 


CIRCULINE COLLECTORS for square or 
round tanks provide positive sludge 
and scum removal in shortest time 
without septicity. 


FLASH MIXERS thoroughly mix chemi- 
cals prior to flocculation . . . prepare 
chemicals and water for immediate 
flocculation. 


BIO-FILTRATION SYSTEMS utilize high- 
rate shallow filters . . . recirculation of 
effluent from filter to primary settling 
tanks . recirculation from final tank 
to filter. Single- or two-stage. 





YEARS AHEAD 


TRASH SCREENS are operated intermit- 
tently for removing large floating de- 
bris to protect water screens and other 
equipment from damage. 


THRU-CLEAN BAR SCREENS remove STRAIGHTLINE BAR SCREENS can’t jam, 
large floating particles from large vol- assure constant, automatic screenings 
umes of water, thus protect other removal under extreme conditions. 


equipment from damage. 


x 
= 4 “ Na ‘\“ Ps 
TRITOR SCREENS remove both grit and ROTARY DRUM SCREENS remove large quantities of REVOLVING DISC SCREENS offer low 
screenings with one mechanism. Rec- fine solids from surface water intakes, settling tank cost separation of very fine solids 
ommended for small sewage plants. effluents and industrial wastes. Extremely low main- 
tenance requirements 
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minimum loss of head in installations 
where water depth is relatively constant 


BELT CONVEYORS are one of various 
types of conveyors available for han- 
dling bulk or bagged chemicals, sludge 
filter cake or sludge from drying beds 


SCREW CONVEYORS AND BUCKET ELEVATORS meet 
the need for efficient handling of lime, alum and 
other chemicals where space is limited 


LIQUID VIBRATING SCREENS are widely 
used for removing fine solids from 
liquids. Several sizes, with fine cloth 


CHAINS AND SPROCKETS as on this POWER TRANSMISSION PRODUCTS 
made in several types and various mill scale collector or for any convey- include enclosed gear, fluid and vari 
sizes, including rake and flight types, ing Or power transmission need can be able speed drives; bearings; chain 
for high efficiency and low cost op- found in Link-Belt’s complete line. drives as used on this vertical Straight- 
eration line mixer. 


THICKENERS AND CLARIFIERS are 
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Better Grit Conditioning 
Rex Pioneering of the recirculation prin- 


Better Sludge Removal 
Development of the Rex Tow-Bro Sludge 
Remover with its unique, gentle, suction- 
type action assured better removal of 
light, flocculent sludge. 


Better Settling 

Introduction of the Rex Verti-Fio™ Clari- 
fier made possible improved settling . . . 
increased capacities . . . important cost 
savings. 


ciple in grit chambers led the way to 
cleaner grit... more efficient removal. 


leader 


in a quarter century 
of progress 


sewage and waste 
treatment equipment 


Continuous research, product development and improve- 
ment have long been guiding principles of CHAIN Belt 
Company. The important developments illustrated 
above are but a few of the contributions CHAIN Belt 
has made to more efficient plant performance . . . a 
quarter century of sanitation progress. Such mechanical 
features as Z-Metal chains, self-aligning bearings, cen- 
tralized wearing shoes, split head-shaft sprockets have 
meant much in longer life, lower operating and main- 
tenance costs and better operation to plant operators 
the world over. 

Your Rex Field Sales Engineer will be happy to give 
you the complete details. Or, write CHAIN Belt Com- 
pany, 4610 W. Greenfield Ave., Milwaukee 1, Wis. 


Better Skimming 

Development of Rex Full-Width Skim- 
ming Equipment, manval and automatic, 
made possible more efficient removal of 
floatable material. 


CHAI ‘> BELT COMPANY 


MILWAUKEE 1, WISCONSIN 


Better Grinding 

The Rex Triturater was an ‘mportant con- 
tribution to improved operations with its 
2,000,000 biede cuts per minute. 


& 
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Minneapolis-St. 


the gates installed have been difficult to 
operate manually and various expedients 
have been used, including extension of lever 
arms and, at one plant, by the addition of a 
block and tackle. 

Provision should also be made for col- 
lecting and disposal of drainage from grit 
storage hoppers. A device consisting of a 
pan beneath the grit draw-off gate sup- 
ported by a swiveled pipe arm which can 
be swung out of the way during truck- 
loading periods, has worked successfully. 


Aerated Grit Channels 

The accumulation of grit in aeration 
tanks, not preceded by sedimentation tanks 
or adequate grit chambers, has been ob- 
served for some time, particularly when 
the tanks have been equipped with elevated 
diffusers. Air has also been used in grit 
separation tanks in an attempt to separate 
out light organic materials. However, so 
far as we are informed, it is only recently 
that an attempt has been made to develop 
a rational basis of design for spiral flow 
aerated grit-separation tanks 

The apparent advantages of the aerated 
grit chamber as compared with other types 
are: (1) complicated control of velocity is 
not required, (2) variations of rate of flow 
through the chambers are of !ittle impor- 
tance, (3) the grit as removed does not 
require further washing for removal of 
organic materials, and (4) the grit can be 








Paul—Chain Belt Rex Sludge Collectors and Automatic Skimmers 


allowed to accumulate in the grit hoppers 
and removed for disposal as may be con- 
venient. 

The most practical method of removal 
of grit from aerated grit channels will de- 
pend in part upon the size of the units. The 
Chicago Pump Co. has been interested in 
the development of the aerated grit chamber 
and its possible use in conjunction with pre- 
aeration tanks, possibly because of the use 
of swing diffusers in such tanks. This com- 
pany has advocated the use of multiple 
hoppers under the diffuser system in which 
to collect the grit and its removal by means 
of jet pumps. The water used for pumping 
the sand would normally be plant effluent, 
pumped by a separate high-head pump. The 
grit-water mixture may be pumped to de- 
canting tanks or grit drainage sand beds 

There is a lack of experience with this 
type of grit ejector so that it is not known 
whether it will work with satisfaction 
under any and all conditions. The fore- 
seeable difficulty with the relatively small 
ejector nozzle and pipe is clogging with 
rags or other coarse materials removed 
with the grit. 

The large scale aerated grit chamber in- 
stalled at the Columbus, Ohio, sewage 
treatment plant has been described by 
Grant.’ At this plant the grit is picked up 
from tank-bottom hoppers by a one-half- 
yard clam bucket suspended from a bridge 
crane with a 60-ft. span over the tanks. The 
bucket empties into dump trucks. 
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The aerated grit chambers at Columbus 
replace chambers of more conventional de- 
sign. Except for the clam bucket there are 
no moving parts in the sewage so that wear 
and tear of equipment is reduced to a 
minimum. 

It appears that aerated grit chambers 
may be used quite extensively in future de- 
signs. Their use in conjunction with pre- 
aeration tanks will be watched with inter- 
est. It appears desirable, for any sizable 
units, to provide fine mechanically-cleaned 
racks ahead of the aerated grit channels so 
as to reduce to a minimum the quantity 
of materials which could wrap around 
and collect on the diffuser tubes and air 
piping 


Incineration of Grit 

The grit at the Buffalo sewage treat- 
ment plant was incinerated with the sewage 
sludge from September 1940 through April, 
1941. It is reported that it was found pos- 
sible to burn as high as 50 percent grit with 
50 percent sludge for extended periods and 
occasionally for short periods to burn grit 
alone. However since April 1941 the grit 
which has about 40 percent volatile ma- 
terial. has not been burned and has been 
transported to a disposal site without re- 
ported objection. According to Johnson’ in- 
cinerating the grit caused excessive wear 
to equipment and caused plugging and 
clinkering in the ash removal system. 

The grit removed at the Detroit sewage 
treatment plant has been incinerated in 
multiple hearth furnaces with the sludge 
cake. 

The incineration of grit with screenings 
at Milwaukee in a multi-zone rabble fur- 
nace has been described by Lewers.* 
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@ CIRCULAR CLARIFIERS 


Hardinge Circular Clarifiers are available in sizes up to 200° diameter, either center-column or beam sup- 
ported for steel, concrete, wood or tile tanks, Sludge scrapers remove settled solids rapidly through central 


5 = 


underflow discharge. Bulletin 35-D 














@ RECTANGULAR CLARIFIERS 


* THICKENERS Especially suited for limited spaces or where sludge delivery is desired 
at one end of the tank. A traveling scraper and skimmer carriage re- 


For removal of fine suspended solids from supply water, moves settled solids from the tank bottom and scum from the top. 


waste water and sewage Auto-Raise’’ mechanism pre- B 
: — 
vents scraper breakage. Bulletin AH-442-15 — 
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dge scrapers and scum breaker arms 
, mulation, insure uniform gas production. Emit a 
Jense digested sludge. Bulletin 35-D 


f non-settling or slow settling suspended matter prevent scum 
> shut-down necessary for backwashing. Trave 


® FLOCCULATING UNITS ® HYDRO-CLASSIFIERS 
rotatin av h rin . A large-volume classifier for rapid separation of coarse 
: «. a pt oe ‘a wy he, a pended solids Frequently used for by-product recovery from waste water. 
e Bulletin 39-B-15 
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Municipal Sewage Lagoons 


Partner, 


N the spring of 1954 the author’s 

firm was employed by the City of 
Perry, Missouri, a municipality of 
840 people, to make a preliminary de- 
sign and cost estimate for a complete 
sewer system and sewage treatment 
facilities. 
small treatment 


types of 
before the 


Several 
plants were considered 
initial cost estimate finally was pre- 
pared on the basis of a Spiragestor 


filter. A con 


servative estimate of cost for the plant 


followed by a trickling 


— 


approximately $25,000, but it was 


1 
| 


ICIUuSI10OI 


iniform 


veloping 


west, thev were call , where 
as in 
lagoons for 


called oxidation ponds 


which also has used 
they were 


states 


Lexas, 
many year 


Some 


by DONALD E. FRENCH 


° A 


Beard & French, Associated 


yineers 


even make a definite distinction be- 
tween lagoons and oxidation ponds. 
Che situation to say the 
somewhat confusing. 

At this point people who had been 


least, 


was, 


observing operating lagoons were con- 
tacted. To determine the status of 
lagoons in the Midwest, letters were 
written to the Departments of Health 
in 19 states. The few published arti- 
cles on the subject also were reviewed 

\n interesting 


rge. Some 


picture beg 


peol le 

‘nce with lagoons 
and advanced 
why they w 


r 
repo 


1 , 
those who I 


unanimous 


agoons 
which ar 
For the sal 
‘| 
unicipal se\ 
Since the 1 
vy sources, 


ke individual acknowledgmet 


ossible exceptions to this are the pa- 


‘rs received from W. Van Heuvelen 


Kahoke, M 


of the North Dakota Department of 
Health, and conversations with Jack 
Smith, of the Missouri Division of 
Health, and Glen J. Hopkins, officer- 
in-charge of the USPHS office in 
Kansas City, Mo. These sources of 
information have been particularly 
valuable. They should not, however, 
be held responsible for any conclu- 


sions drawn herein 


Theory Of Lagoon Action 


goon, how 
through an 

le \lgae, a 
containing 
characteristic 
hen they dige st 
require, 

1; act 


bacteria in raw 


dioxide and 
bacteria convert the 
ucts which the algae can use for 
DAT 
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“Chicago” Aerator-Clarifier unit serving as 
sewage treatment plant for the Goodyear 
Tire and Rubber Company of Topeka, Kansas. 





AERATOR 
CLARIFIER 
UNITS 


/ “Cle go" for Small, 
Compact Activated 


“Chicago” Aerator-Clarifier units have a proven 21 year 
Sludge Plants... 


record for producing sparkling clear effluent. 


Many semi-automatic features of the combination 
ae ® SMALL COMMUNITIES 
performance under all conditions. These TURNPIKE SERVICE 
combination units can be operated by men with State FACILITIES 
Board of Health minimum classifications. 
INDUSTRIAL FACILITIES 
Aeration and clarification are accomplished in a single 
® AIRPORTS 


a wide 
HOSPITALS, SCHOOLS AND 
OTHER INSTITUTIONS 


Aerator-Clarifier unit simplify operation and 


trouble free 


tank with positive sludge control that covers 


range of sewage flows and strengths. 





“Chicago” Aerator-Clarifier units handle sewage flows 
from 15,000 to 500,000 gallons per day in single or 


They may be safely located near dwell- 


multiple units ’ 
ings as the plants are free from flies, odors, and un- CHICAGO PUMP COMPANY 


sightly appearance. 
Subsidiary of Food Machinery and Chemical Corporation 


ecu a cago” ‘rator-( ls > its sini ° 
Specify hicag Aerator-Clarifier units for small “hy SEWAGE EQUIPMENT DIVISION 
622 DIVERSEY PARKWAY ¢ CHICAGO M, ILLINOIS 


activated sludge plants to assure proven and trouble 


free performance. 
es ee. =u and nary Bihaers Me Water 
L Kninor 8, Commins s: ibee: 


OVER 230 IN OPERATION 
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while the algae produce the oxygen 
which the bacteria need. 

The only equipment required is a 
pond of suitable area and depth with 
properly designed inlets and over- 
flows. The area provided for complete 
treatment by present design criteria 
is usually one acre for each 100 per- 
sons served. This is an empirical value 
arrived at in the Dakotas where land 
is usually flat and relatively inex- 
pensive. 


Survey Results 


Lagoons have been used for many 
years in the Southwest and elsewhere 
for secondary treatment. In addition, 
a few total treatment lagoons have 
been in operation for some time in 
North Dakota. It is only recently, 
however, that widespread interest has 
been shown in the possibilities of us- 
ing lagoons for total treatment. The 
present status of treatment by lagoons 
in the states contacted is shown in 
lable 1. 

In Table 1 it should be noted that 
some of the which have ap- 
proved lagoons, but as yet have none 
in operation, indicate that their ap- 
proval is on a conditional demonstra- 
tion basis. It also should be noted that 
practically all the states with lagoons 
in operation report good results 

he lagoons operating in North 
Dakota, South Dakota, Montana and 
Wyoming in most cases have been 
handling raw Laboratory 
tests by the Departments of Health 
of these states and by the Public 
Health Service indicate that B.O.D. 
reductions of more than 90 percent, 
a high degree of oxygen supersatura- 


States 


sewage. 


tion, and a complete absence of odor 
or other nuisances is the rule rather 
than the Most of these 
authorities indicated that they con- 
sidered the lagoon treatment at least 
equal to treatment in conventional sec- 
ondary plants 


exception 


Kearney Lagoon 

The lagoon at Kearney, Nebraska, 
is especially interesting. It is operat- 
ing at a much heavier continuous load 
than any other lagoon and is one of 
the few raw sewage lagoons in opera- 
tion in the general latitude of South- 
ern lowa. 

The Kearney 
mately 10 acres in area, with the bot- 
tom and sides being almost pure sand 
It was put into operation in the early 
spring of 1954 serving approximately 
12,000 people. The influent was ap- 
proximately 1.4 mgd with an average 
3.0.D. of approximately 160 ppm. 
This would give a B.O.D. loading of 
more than 180 pounds per acre per 


day. 


lagoon is approxi- 





TABLE 1 
Status of Sewage Treatment by Lagoons in Midwestern States 





Sewage Lagoons 





No. in 


Operation 





Arkansas... 
Colorado 
Ilinois® 
Indiana 
lowa 


Kansas 
Kentucky 
Michigan 
Minnesota® 
Missouri® 


Montana* 
Nebraska® 
No. Dakota® 
Ohio 
Oklahoma 

S. Dakota* 
Texas 


Ww 


OO—-ANOOCAOOCOAGCOWDA 


Wisconsin 
Wyoming? 


No. 
Approved 


Results 


Mostly good 
Good 


Good 


Excellent 
Good 
Excellent 


Good 
Good 
Good 


Good 





a States in which construction of raw sewage lagoons has been approved 





During the initial operation there 
was an appreciable loss of liquid into 
the underlying sand strata and for 
several months the lagoon operated at 
a depth of less than 18 inches. No nui- 
Sance developed, however, and the 
sand seemed to gradually seal off. The 
lagoon began to produce an effluent 
at the outlet in September 1954. 

It continued to function well until 
several days of cloudy weather oc- 
curred in October 1954. At this time 
some odor developed and the load was 
cut to about 60 pounds of B.O.D. per 
acre per day. It straightened out 
shortly and is currently still perform- 
ing satisfactorily. During the summer 
months B.O.D. reduction was in ex- 
cess of 95 percent. Under cold weath- 
early January a 
more than 85 


er conditions of 
B.O.D. reduction of 
percent was observed 


Coliforms Reduced 

A point of special interest reported 
by several authorities is the fact that 
the concentrations of coliform bac- 
teria in the effluent from lagoons is 
considerably less than that in the ef- 
fluent of other types of plants. 

Several theories have been 
vanced to account for this. One inter- 
esting theory is that the algal-bacterial 
enzyme or 


ad- 


symbiosis produces an 
other substance which is toxic to the 
coliform bacteria. At any rate it is 
gratifying to know that in this im- 
portant sanitary respect lagoons are 
superior to conventional plants. 


Problems Seem Few 
The 


only difficulty reported on 


properly designed lagoons was a few 


days of odor at the time the ice goes 
off in the spring. Reports of this con- 
dition were not widespread and ex 
treme overload appeared to be a con- 
factor in the few severe 
Under the worst cir- 
cumstances these odors are similar to 
those produced by a poorly operated 
or “upset” conventional plant. In prac- 
tically all these conditions 
were of only a days duration. 
In all localities the lagoons have 
shown the ability to handle temporary 
overloads of several hundred percent. 
In the rare cases where extreme pro 
longed overload upset them they have 
recovered quickly when the overload 


tributing 
cases re ported 


instances 


Tew 


was removed 


Interest Rising 

Several of the states which reported 
that have built to 
date indicated that interest has been 
shown and that this form of treatment 
may be considered by them in the 
future. When the results being ob- 
tained and the widespread interest that 
is being shown are considered, it 
seems a safe prediction that within a 
comparatively short time sewage treat- 
ing will be commonplace 
throughout the Midwest. 

This widespread interest tends to 
put the design engineer on the spot. 
\lthough lagoons have operated quite 


no lagoons been 


lagoons 
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UPTURNED inlet pipe which discharges at center of Perry, Mo. sewage lagoon 


More Research Needed 


As pl iously noted, thes 
engineer s 


a great 


~ 


varied 
udies conducted 


design and oper 
S. Public Healt 
interested in ace 
search, particular] ror 


ntermediate latitude 
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lhe author's organization 1s at pres 
cooperating with the Missouri 
Division of Health and the USPHS in 
installation, 


built in con 


the design of such an 


vhich if is hoped will be 
ectior with a propose unicipal 
Missouri 


goon which will serve 


3.000 populatior 


city of 
iccording to schedule it 

the fall of 1955 
that by the fall of 


1956 a considerable amount of design 


mto Ts n im 
vould seen likely 


data should be available 


It is doubtful, however, if it will be 


to postpone ction on la- 
to obtain 
\ctually, 
fr exact data and the 


oT ¢ I nm Ww re in 1 more 


despite the 
conflict 


] 


1 1 
favorable position than it 


ight seem 
ne stril ing fact is that practically 
built to date 


functioned very well. Some have 


have 


the lagoons 
been 
huilt with paved bottoms: some have 


] 


been built in untreated sand. Some 


ve handled raw sew ige : others have 
| 
have 
ded with 17 pounds of B.O.D 


loaded 


heen 


secondary Ooniy Some 


- others were 


Some have 


per day 


with 60 pour ds 


constructed that all sewage was dis 


posed of through seepage and evapora- 


‘reas others produce an et 


Some are round in shape, some 
square, some rectangular, and some 
irregular. Yet practically all are suc 


ce ssful 
Some General Factors 


Although no 


perimental installations 


comprehensive ex 


have been 


built, much has been learned through 
experimentation with some of the 
variables on existing lagoons. For 
example, it has been demonstrated that 
it is best to have the inlet submerged 
and some distance from the bank. It 
has also been determined that opti- 
mum depth is from 3 to 5 feet. lf the 
depth is much less than 3 feet, cattails 
and other weeds become a nuisance. 
If deeper than 5 feet, the sunlight 
doesn't reach the bottom, there are no 
algae, and septic action occurs. To 
maintain a uniform depth it is, of 
course, necessary that the bottom be 
level. 

In general, the dikes should resem- 
ble the bank of any well-built reser- 
voir of similar size. The same atten- 
tion should be given to the location 
ofa lagoon as is given to the placing 
of a conventional plant. As previously 
noted, the shape of the lagoon and the 
texture of the soil do not seem to 
affect the operation of the 
seriously as long as a minimum oper- 
ating level of at least 3 feet is main- 
tained. 

The important about 
which there is a dearth of information 
is the proper In most places 
where lagoons have been used exten- 
low. 


lagoon 


most point 


area 
sively, land values are relatively 
In many 
been such that grading costs are also 
Under these and in 
the absence of exact design criteria it 
has been good engineering practice to 


cases the topography has 


low. conditions 


design on the safe side. In lowa and 
Missouri, land 
higher, and in some cases topography 
makes construction rather expensive 
It thus important to 
hold the lagoons t 
that will provide satisfactory treat 
ment. 


however, alues are 


becomes very 


the smallest area 


The present generally accepted de- 


Sign area tor treatment of raw sewage 
acre for each 100 
here are several indications, 


1s one persons 
served. 
however, that this is excessive. If av- 
erage domestic were being 
treated, the B.O.D. loading would be 
approximately 17 pounds per acre per 
day. Illinois allows 30 pounds per acre 
lagoons, and 
lexas allows 50 pounds per acre per 
day. The Kearney, Nebraska, lagoon 
for the most part is operating quite 
satisfactorily at a loading of 60 pounds 
of B.O.D. per acre per day 
Thus, all the available data 
to indicate that heavier loadings can 
be used. Although there are not 
enough data to determine exactly what 
the loading should be, it seems prob- 
able that we may be able to use one 
acre for at least 200 persons instead 
of the present factor of one acre per 
100 persons. If more efficient meth- 


sewage 


per day on secondary 


seem 





ods of operation are developed we 
may be able to do even better. It is 
the problem of the design engineer to 
take advantage of the fact that higher 
loading will probably be satisfactory 
and yet to make sure that the city 
will not end up with an underdesigned 
lagoon. 

[he Missouri Division of Health 
has followed a policy which seems 
to be very sound. The preliminary de- 
sign is required to be based on one 
acre per 100 people and enough land 
must be acquired and financing ar- 
ranged for a lagoon of this size. How- 
ever, construction of a somewhat 
smaller lagoon is allowed, with the 
provision that if health hazard or 
nuisance develops the full-size lagoon 
must be built. This policy enables the 
city to save money if the smaller la- 
goon proves satistactory. The city is 
also in a position to enlarge the lagoon 
that becomes 


economically if neces- 


Sary. 


Summary 

lo summarize, properly designed 
lagoons are a proven means of eco- 
nomically and effectively treating raw 
sewage from small 
While there is yet much to learn, the 
indications are that lagoons are gain- 
ing in acceptance and that when more 


communities 


exact design and operating data are 
available they 


as a means of municipal sew- 


will be even more at- 
tractive 
age treatment. 

Where applicable, lagoons in many 
cases will save municipalities consid- 
erable on construction costs. For ex- 


the P Missouri, 


vas built instead of 


7 
iagoon 


cost ( 
$25.000 


1 ’ 
the lagoon, 


der S8.000. Without 


the city would have been unable to 
undertake its sewerage and sewage 
treatment program, which included 
sewering the entire town as well as 
building the lagoon. 

The lagoon also has an advantage 
in the matter of operation. Very few 
small towns adequately maintain and 
operate a conventional plant after it is 
built. Nevertheless, the success of 
these plants is very largely dependent 
upon good operation. When adequate 
operation and maintenance are pro- 
vided the city is faced with a substan- 
ial annual cost. ‘The lagoon, however, 
requires practically no operation or 
maintenance caring for the 
dike, which should be mowed several 
times a year and frequently inspected 
for bank rat damage. 

All these factors tend to make the 
lagoon method of sewage treatment 
very attractive to the small munici- 
palities. Lagoons should not be re- 
garded as a cure-all, however. In some 
instances there are factors which tend 
to counterbalance the advantages. The 
land area requirement is very large in 
comparison with conventional plants. 
Also, since the depth of the lagoon 
must be unitorm, a_ considerable 
amount of grading may be required if 
the topography is unfavorable. A la- 
goon should not be located near public 
supplies drawing 


except 


or private water! 


from aquifers near the surface. If 
suitable land near town, 
pumping 
come critical factors 


there is no 


piping and costs may be- 


he economics of each case must 


be determined by 


pipin 


balancing the costs 
y and pumping, 


g 
other and 


and, extra 
Tencing, and WOT}! 


gradin 


materials required fora la 


’oon against 

te, steel, buildings, 
ree 

nent required 


As 
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some advantage in the matter of op- 
eration and maintenance costs. 

In conclusion, it should be re- 
emphasized that the lagoon should not 
be regarded as a cure-all. Each case 
must be given careful consideration 
before the type of treatment is chosen. 
It has been adequately demonstrated, 
however, that lagoons, where appli- 
cable, will provide satisfactory treat- 
ment at substantial savings in both 
construction and operating costs. 

lt is probable that there are many 
small towns throughout the Midwest 
which through the use of lagoon treat- 
ment will be able to have sewage sys- 
otherwise could not 
this light, lagoons 
considered a valu 


tems which they 
afford. Viewed in 
must certainly be 

able addition to the tools of the sani- 


tary engineer 
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ACID RESISTANT * HIGH COMPRESSIVE STRENGTH * EASY TO LAY 


OE 


—¥- 1h are lt-b4-1e 


UNIFILTER 


Ulalel-jaela-tie 


BLOCKS 


Whether it’s strength, acid and corrosion resist- 
ance, durability, low absorption, rapid flow char- 
acteristics -NATCO UNIFILTER salt glazed 
underdrain blocks more than meet the require- 
ments. They provide maximum drainage and 
ventilation capacity for either standard or high 
rate trickling filter sewage treatment plants. 
Moreover, they are easy to handle, easy to lay, 
and they are chemically inert and permanent 
in form. 

These are more than claims—they are state- 
ments of fact based on records where NATCO 
UNIFILTER BLOCKS have been installed and 
are successfully performing . . . and that means 


in some of the largest sewage treatment plants 
in the world. 


NATCO BRANCH SALES 
OFFICES 
Boston + Chicago « Detroit « New York 
North Birmingham « Philadelphia 
Pittsburgh « Syracuse 
IN CANADA: Toronto, Ontario 
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For best performance in Standard and High Rate 


Trickling Filter Sewage Treatment Plants 


RS 
Send today for 
your copy of the 
Natco Unifilter story, 
complete with filter 
design details and data 
MEMBER 
TRICKLING FILTER 


—— 
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NATCO CORPORATION 
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High-Rate Trickling Filter Performance 


Studies of experimental units operated in series and in parallel 


By H. HE 


Kang are 


kelekian and 


Mr. McMenamin 


HERE are a great number of 

high-rate trickling filters in exist- 
ence in this country, and considerable 
information is available on the oper- 
ating results, loadings, and efficiencies 
of such filters. A number of the in- 
stallations employ double filtration. In 
some, the primary filter is of the high 
rate type, followed by a low-rate filter. 
In others, both units may be of the 
high-rate type. Some of the installa 
tions practice recirculation: others do 
not. However, despite the number and 
variety of high-rate filters upon which 
data are available, there are few direct 
comparisons of single-stage filtration 
with filtration on the 
basis of efficiencies at different load- 
ings. 

It has been established that two 
stage high-rate filters give effluents 
which compare favorably with stand- 
ard-rate filters and even with acti- 
vated sludge. Also, that they are dis- 
tinctly superior to single-stage high- 
rate filters. The question raised in this 
paper, however, does not concern it- 
self with these comparisons, but with 
the problem of the efficiency of a cubic 
yard of filter stone in single vs. double 
filtration. The question that is spe- 
cifically raised is, if two filters are 
available which can be operated either 
as single-stage units in parallel or 
double-stage units in series, which 
type of treatment would give the high- 
est efficiency with the same sewage 
and loadings; or, if a new plant were 
to be built, can the over-all size of the 
filters be reduced by designing a 
double filtration type rather than a 
single filtration and still obtain the de- 
sired quality of effluent. It is the pur- 
pose of this paper, therefore, to pre- 
sent a comparison of the results ob- 
tained in series and parallel operation 
of a pair of experimental high-rate 
filters. 

The experimental units were set up 
at the Middlesex Berough sewage 
treatment plant. The plant is equipped 
for treatment by sedimentation and 
chlorination of augmented 
during the summer months by chem- 
ical coagulation. The dry-weather flow 
at the plant is 600,000 g.p.d., derived 
mainly from domestic sources except 
for 60,000 g.p.d. of waste discharged 
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from a candied fruit manufacturing 
plant. The waste is high in sugars, 
B.O.D., and dissolved solids. The dis 
charge of this waste into the munic- 
ipal sewer increases the B.O.D. of the 
mixture considerably, making it dif- 
ficult to obtain a desirable quality of 
effluent with the primary treatment 
facilities available, even after chemical 
coagulation. To meet this situation, 
secondary treatment of the combined 
domestic and industrial waste is one 
of the alternatives. Accordingly, the 
experimental filters were operated at 
this plant for two purposes: (1) to 
obtain the fundamental information 
mentioned above, and (2) to meet a 
local situation. 


Experimental Apparatus 

Figure 1 is a diagram of the experi 
mental equipment, which consists es 
sentially of two trickling filters 15 ft 
in diameter and 5 ft. deep, each fol- 
lowed by an upward-flow sedimenta 
tion tank. The two units may be oper- 
ated either in series or in parallel. 

Settled from the effluent 
channel of the primary clarifier of the 
plant proper is pumped to a constant 
head tank, from which the overflow 
is returned to the primary clarifier 
The flow from the constant-head tank 
to the trickling filters is controlled by 
valves and orifice discs inserted in the 
lines to the mixing tanks. 

Recirculation is likewise controlled 
by orifice discs, which regulate the 
flow from the clarifiers to the mixing 
tanks. 

Sludge from the settling tanks is re 
turned to the primary clarifier of the 
plant proper 

When the two filters are operated 
in parallel, settled sewage from the 
constant-head tank is allowed to flow 
into both the mixing tanks. The efflu- 
ent from the filters is lifted to the 
sedimentation tanks. From each sedi 
mentation tank a portion of the settled 
effluent, controlled by an orifice disc, 
is returned to the corresponding mix- 
ing tank for recirculation. The over- 
flow from both settling tanks passes to 
the effluent channel. 

For series operation, settled sewage 
from the constant-head tank is ad- 
mitted to only one of the mixing 
tanks. Recirculation is accomplished 
the same as in parallel operation. 
However, the overflow from the set 
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tling tank following the primary filter 
is diverted to the mixing tank of the 
secondary filter. The effluent from the 
secondary filter passes to the corre- 
sponding settling tank, a portion is 
recirculated to the mixing tank, and 
the overflow from the settling tank 
goes to the effluent channel. 
Procedure 

The filters were operated from May 
to November during 1947, 1948, 1949, 
and 1950. The filters were operated in 
parallel during the first two years, and 
in series during the last two years. 
More data were obtained during 
parallel operation, as each filter dur- 
ing the period was dosed at a different 
volumetric rate and a different B.O.D. 
loading [The dosage rates were 
changed from time to time during 
both single and double-stage opera- 
tion periods. Loadings also varied be- 
cause of fluctuations in the B.O.D. of 
the applied sewage. Recirculation ra- 
tios were also varied from time to 
time during the entire period of oper- 
ation, 

Once or twice a week samples of 
the settled sewage and of the influent 
and effluent of each filter were taken 
and the 5-day 20° C. B.O.D.’s deter- 
mined. Each sample so tested was a 
composite of samples taken hourly 
from 11 a.m. to 3 P.M., during which 
time the strength of the sewage ap- 
plied to the filters was slightly above 
the daily although peak 
strength did not always occur during 
those hours. Candied fruit waste was 
always present in the sewage during 
the sampling period, which, therefore, 
represents the most difficult conditions 
for treatment 


average, 


Strength of Sewage Applied 

The strength of the sewage applied 
to the filters was high because of the 
presence of candied fruit wastes. Dur 
ing the single-stage operation period, 
the average B.O.D. of 81 samples of 
applied sewage was 540 p.p.m., witha 
minimum of 135 p.p.m., and a maxi- 
mum of 830 p.p.m. During the double- 
stage operation period, the average 
B.O.D. of 55 samples of sewage ap- 
plied was 628 p.p.m., with a minimum 
of 315 p.p.m. and a maximum of 
1,200 p.p.m. The strength of the ap- 
plied sewage was about 3 to 4 times 
higher than that of normal domestic 
1956 
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FIGURE |.—Flow diagram of experimental high-rate trickling filter plant. 


Table II Table III shows the results of 2 
7 v.a.d. during RFSULTS OF PARALLEL OPERATION years’ series operation. The loadings 
rhe BOD. of the are calculated on the basis of the total 
540 p.p.m. and Loading ME Acuited Recire. EM Rea, VOlume of media in both filters. In 
(ib, B.O.D.)! Tests(m.g.a.d.) Ratio (p.p.m.) (%! series operation, both the effluent 


ctiy ely _ 
1 51 79-5 §B.O.D. and the percentage B.O.D. re- 
87 moval are approximately constant up 


83 


perations These h l . : , wr 


the settled apy l Yr 


at 6 32.2 toa loading of 2.5 lb. per cubic yard 


the influence 
waste discharged into 1-3 6.3 162 68.7 per day. Above that loading, the efflu- 
rhe BOD 5.3 69.5 ent B.O.D. increases, without a mate- 
during the two periods a a 334 65. rial decrease in the percentage reduc- 
tion. 


ike at 2.5 lb. per cu. yd. {Pounds B.O.D 
ver, the effluent during A comparison between series and 
ration had a B.O.D. effect of different rates of recircula- parallel operation is shown graph- 
nd during parallel op- tion at critical loadings to determine _ ically in Figure 2. It is clear that par- 
ceiving 80 and 89 the minimum recirculation with maxi- allel operation give a higher B.O.D. 
reductions, respec- mum loadings without deteriorating in the effluent for any given loading. 
treatment the quality of the effluent At a loading of 1 Ib. per cubic yard 
Table II shows that the B.O.D. of _ per day the effluent from parallel op- 
‘3 = the effluent increased quite regularly eration has about twice the 3.4 .D. of 
‘ble TT] with increasing loading. The rate of the effluent produced by series oper- 
Mae sarigcuietion change of effluent B.O D. is not quite ation. Ata loading of 4 Ib. the factor 
low loadings and Comstant, but shows a distinct break is about <: but with loadings between 
S at a loading of 3.0 lb. per cubic yard 1 and 2.5 Ib. the effluent B.O.D. in 
gher loadings per day. This break is also reflected series operation is about constant, 
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i Pea wour in the percentage reduction. At load- whereas in parallel operation there is 

either to Keep the ings of 1 to 3 Ib., the removal aver- a gradual increase of effluent B.O.D. 

constant tor di ages more than 80 per cent. However, with increasing applied load. At a 

to merease them when the loading is increased to more loading of 2.5 lb. per cubic yard per 

gs. It was, however, than 3 Ib. per cubic yard, the reduction day, the most efficient point for series 

apacity, ich did drops abruptly to a value of less than operation, the effluent B.O.D. pro- 

r rates of application 70 per cent, and remains fairly con- duced by series operation is only one- 

higher recirculations stant in the range from 65 to 70 per 
in future experimen cent throughout the range of loadings Table III 
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FIGURE 2—Comparison of the effect of loading on the B.O.D. of effluent in series and 
parallel operations. 


third that produced by operating the 
filters in parallel. Thus, at any loading 
between 1 and 4 lb. of B.O.D. per 
cubic yard per day, the effluent B.O.D. 
from parallel operation averaged 2 to 
3 times as high as that produced by 
series operation 

It follows, from what has been said, 
that a given effluent standard permits 
higher loadings in series operation 
than in parallel operation. For ex- 
ample, an effluent standard of 100 
p.p.m. B.O.D. could be met by operat- 
ing the filters in parallel at a loading 
of 2.75 lb. per cubic yard, or by op 
erating them in series at a loading of 
4.25 lb. On the other hand, an effluent 
of 20 p.p.m. B.O.D. could be pro- 
duced by operating the filters in series 
at a loading of 2.5 lb., whereas no 
loading in the range 
enough to produce consistently an ef- 
fluent of this quality in parallel oper- 


tested was low 


ation 


Discussion 


1 


The results of this study show that 
filtration systems can handle 
greater B.O.D. loadings and give low- 
er B.O.D. values in the effluent than 
can be accomplished by single filtra- 


dc suble 


tion. For instance, with a loading of 
2.5 lb. of B.O.D. per cubic yard of 
stone, a 20-p.p.m. B.O.D. in the efflu- 
ent could be obtained with double fil- 
tration, with the lowest 
loading obtained with single filtration, 
1.0 lb. per cubic vard, the B.O.D. in 
the effluent was 50 p.p.m. In other 
the efficiency of a cubic yard 
2.5 times as great 


whereas 


words, 
of stone is at least 


when used in double filtration as it is 
in single filtration. It should be noted 
that the loadings given in the double 
filtration are on the basis of total vol 
ume of media in both primary and 
secondary filters combined. The efflu- 
ent quality in the loading range from 
1 to 2.5 lb. per cubic yard per day is 
constant at 20 p.p.m. B.O.D. with 
double filtration. Beyond this range it 
gradually increases with increasing 
loading until at about 4.5-lb. loading it 
reaches 75 p.p.m. The increase in the 
effluent B.O.D. in the single-stage 
filtration starts at 1.0-lb. loading and 
increases gradually until at 4.5-lb 
loading it reaches 200 p.p.m. To ob 
tain a 50-p.p.m. B.O.D. in the effluent 
the B.O.D. loading in the single-stage 
filtration cannot exceed 1.0 Ib. per 
cubic yard, whereas the same quality 
of effluent can be obtained with dou 
ble-stage filtration at a loading rate of 
3.0 Ib. per cubic yard. The question 
may be raised as to whether the ob- 
served superiority of series operation 
may not be attributed to the higher 
over-all recirculations practiced dur 
ing that period. Although the results 
do not warrant a positive assertion on 
this point, it does not seem that an 
increase in the average recirculation 
ratio from 3.6 during the parallel op 
eration period to 6.0 during the series 
operation period could account for the 
differences obtained because the lower 
recirculation ratio should prove ade- 
quate and increasing the recirculation 
bevond this should not be of addition 
Furthermore, the total hy- 


loads 17.5 and 21.7 


al value 


draulic were 
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m.g.a.d., respectively, during parallel 
and series operation—well beyond the 
critical flows of 7 to 12 m.g.a.d. A 
closer analysis reveals that the effluent 
B.O.D. was 51 p.p.m. during parallel 
operation with a loading less than 1.0 
lb. B.O.D. per cubic yard per day and 
with a recirculation ratio of 6.1; in 
series operation a B.O.D. in the efflu- 
ent of 22 p.p.m. was obtained with 2.0 
to 2.5 lb. B.O.D. per cubic yard per 
day (average, 2.1} and with a recir- 
culation ratio of 5.8. Thus, with near- 
ly equal recirculation ratios better 
effluents were obtained at more than 
double the loadings in series operation 
than in parallel operation. Similar re- 
lationships were obtained from results 
in which nearly recirculation 
ratios are available during the periods 
f parallel and 
follows: 


equal 
series operations, as 
Loading 


(ib, B.O.D/ 
cu. yd./day) 


Effluent B.O.D 
(p.p.m.) 


Recirculation 
Ratio 


Parallel Series Parallel Series Parallel Series 

4.4 4.4 2.2 l ) 42 

It would, however, be desirable to 
confirm this point in order to elim- 
inate the possibility of superior per- 
formance of 
from the higher recirculation ratios 
employed. 


series Operation arising 


Information obtained from experi- 
ments conducted at Birmingham, Eng- 
land, over a number of years*’ with 
the comparison of single-stage versus 
double-stage filtration with periodic 
change in the order of filters in series 
operation, indicates that the volumet- 
ric dose on single filters could not be 
increased beyond 96 gal. (U.S.) per 
cubic yard per day without impairing 
the quality. Effluents with comparable 
quality could be obtained with double 
alternating filters with rates of appli 
high as 288 to 300 gal. 
again a ratio of efficiency 3 


cation as 
Fisce es 


times as high as the single-stage filter 


True, these higher rates of 
volumetric applications on alternating 
double filtration when translated to 


] values of only 0.4 


even 


loading rates give 
lb. B.O.D. per cubic yard, which is in 
the upper range of loading of stand- 
ard filters in the United States. The 
effuents in the Birmingham experi 
ments had a B.O.D. of 10 p.p.m. and 
nitrate-nitrogen of 20 p.p.m., as com- 
pared with the 25 p.p.m. B.O.D. ob- 
tained in the experiments reported 
herein with double filtration at a load- 
ing value of 2.5 Ib. per cubic yard. It 
is also true that these results in Eng- 
land were accomplished with periodic 
alternation in the order of filters, 

the filters would clog and 
deteriorate, whereas at no period of 
the current study, either with single 


otherwise 
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stage or double-stage operation, was 
there any indication of clogging. This 
may be ascribed to the fact that re- 
circulation was practiced instead of 
alternation. 

A study of two-stage fixed sequence 
single-stage biological filtra- 
tion, both in enclosed artificially ven- 
tilated deep filters as reported by 
Dekema and Krige* from South 
Africa is also of interest in compari- 
son with the results reported herein, 
despite the obvious differences in the 
design of filters in the two studies 
The authors concluded that 33.8 per 
cent more flow could be applied and 
31 per cent greater removal of B.O.D. 
accomplished per cubic yard of stone 
in two-stage filtration than in single- 
stage with equal purification 

Fischer and Tompson’s* results 

with the shallow recirculated 
Petaluma, Calif., are, on the 
her hand, somewhat inconclusive in 
establishing the relative efficiencies of 
the two types of filters because on the 
basis of relatively few analyses, the 
average figures give 110 p.p.m. B.O.D. 
in the effluent with 5.9 Ib. loading per 
‘ubic yard per day with single-stage, 
35 p.p.m. B.O.D. in the effluent 
3.1 Ib. B.O.D. per cubic yard ap- 
plied on the two-stage unit. The lower 
B.O.D. values in the two-stage sys- 
tems cannot be definitely attributed to 
double filtration, because they were 
vccomplished with lower loadings than 
in the single-stage operation. 

It is similarly difficult to draw con- 
( ns as to the relative merits of 
double filtration vs. single filtration 
on the basis of the results obtained at 
Liberty, N.Y.', as the filters here are 
operated throughout the year in series, 


versus 


except that in winter lower loadings 
are applied and recirculation is not 
practiced. 

Walton® concluded that single-stage 
filtration gives an over-all 75 to 85 
per cent B.O.D. reduction, with an 
average of less than 80 per cent for 
the plants studied. For two-stage fil- 
tration, the over-all B.O.D. reduction 
ranged from 85 to 95 per cent, with 
an average of 90 per cent. 

Moore, Smith, and Ruchhoft® 
showed that with nearly equal load- 
ings (2.4 '». B.O.D. per cubic yard) 
the B.O.D. in the final effluent from 
single-stage operation was 31 p.p.m. 
and that from double-stage operation 
was 24 p.p.m. 


Summary and Conclusions 

Two experimental filters 15 ft. in 
diameter and 5 feet deep were oper- 
ated for two seasons from May to 
November on the basis of parallel 
operation and for two additional sea- 
sons on the basis of series operation. 
Recirculation was practiced. The load- 
ings were varied by (a) changing the 
flows periodically and (b) fluctuations 
of B.O.D. in the applied sewage. The 
sewage contained candied fruit waste 
containing sugar and high soluble 
B.O.D. The average B.O.D. of the 
applied sewage was 540 p.p.m. during 
single-stage operation and 628 p.p.m. 
during double filtration. The results 
based on the B.O.D. of the effluents 
warrant the following conclusions: 

1. The efficiency of the double fil- 
tration system was 2.5 to 3 times as 
high as that of single filtration. 

2. A loading of 1 Ib. of B.O.D. per 
cu. yd. per day gave an effluent with 
a B.O.D. of 50 p.p.m. in single-stage 


filtration, whereas with double-stage 
filtration a 20-p.p.m. B.O.D. was ob- 
tained in the effluent with a loading as 
high as 2.5 lb. B.O.D. per cubic yard 
per day. 

3. Between 1 to 2.5 loading range, 
double filtration gave constant B.W).D. 
values in the effluent, with higher 
loads resulting in a gradual increase in 
B.O.D. of the effluent. In single-stage 
filtration the B.O.D. in the effluent be- 
gan to increase with loadings above 
1.0 lb. per cubic yard per day. 

4. Ponding troubles were not en- 
countered with either system of oper- 
ation at any loading. 
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How to Level and Align Shafts by Simple Method 





rhe accompanying sketch shows how to do it. Slip gauge glasses 
into each end of an ordinary rubber hose and fill with enough 
water so that the level will show in each glass, as indicated. 

When filling the hose with water, care must be exercised to 
be certain that all air is gotten out of the hose. Hold it in a 
U-position when filling. Do not attempt to fill it by immersing 
a tub of water. Also, one end of the hose must not 
be warmer than the other end. If the water in one end is warmer 
it will occupy greater volume and the level will not be true. In 
other words, get rid of all of the air and use water of the same 


the hose in 


temperature throughout. 
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The sketch also shows one of the simplest methods by which 
shafting can be aligned. Suspend several plumb bobs from the 
shaft as shown, all from the same side of the shaft. It is then 
possible to glance along from one end to the other and one can 
see whether or not the cords supporting the plumb bob are in 
perfect alignment. If they are not in alignment, the shafting is 
not straight and should be rectified. A cord stretched lengthwise 
near the vertical cords enables one to measure the exact amount 


of misalignment and assist in making the shaft straight. 





Design of Activated Sludge Plants 


LTHOUGH additions to knowl- 
edge of the activated sludge proc- 
appear in the technical press 
almost monthly, there has been little, 
if any, advancement in design criteria 
during the past thirty years. A na- 
tional survey- of State Health De- 
partment requirements made in 1948 
showed that only nine states had any 
specific requirements concerning acti- 
vated sludge plant design. For dif- 
fused air plants, those states specified 
an aeration period of 4 to 8 hours 
and an air supply.of 0.5 to 2.0 cubic 
feet per gallon of sewage. Aeration 
periods were based on sewage flow 
plus return sludge, which was usually 
percent of the 


ess 


specified to be 25 
sewage flow. 

Che designs of the earlier activated 
sludge plants were based largely on 
the results of protracted and exhaus- 
tive pilot plant operations. Unfortu- 
nately, the designers of many of the 
more recent plants have had little or 
no experience in the actual operation 
of the The fact that many 
such plants have proved highly suc- 
cessful is due more to the ingenuity 
of the operators and the helpfu ness 
of design criteria privately developed 
by equipment manufacturers, than to 
the skill of the designer or the ade- 
quacy of State Health Department 
regulations. 

The newer “Ten State Standards 
for Sewage Works’ consider the 
B.O.D., as well as the volume of the 
sewage or treated, and 
so are superior to the earlier criteria. 
However, neither they, nor any of the 
design standards developed by equip- 
ment manufacturers, make any men- 
tion of the amount of activated sludge 
to be carried. 

Because activated sludge is essen- 
tial to the process, and because the 
amount of sludge carried has a 
marked influence on the functioning 


pre cess 
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of the process, it would appear essen- 
tial for the designer to select the 
optimum, or maximum, sludge load 
and then design the plant to carry that 
load. The failure to properly evaluate 
this important factor may well ex- 
plain the prevalence of sludge bulking 
and the frequently repeated state- 
ment that “the process requires expert 
operating attention and is easily upset 
by industrial wastes.” 

Sludge rezration is another phase 
of design which is totally ignored by 
practically all design criteria. Many 
of the early plants included sludge 
reeration, but most of those con- 
structed during the 1930's omitted 
such provisions. Nevertheless, Hat- 
field at Decatur and Kraus at Peoria® 
have been making old plants operate 
at far above their original design 
loads for decades by sacrificing mixed 
liquor zration in order to gain the 
separate sludge rezration not pro- 
vided in the original designs. Since 
World War II sludge rezration, in 
various forms, has gained in popu- 
larity. Certainly any modern design 
criteria should evaluate sludge re- 
zration as well as total sludge load. 

This paper presents an approach to 
the design of an activated sludge 
plant which is believed to be more 
rational than that afforded by any 
presently accepted criteria. Although 
the suggested procedures are appli- 
cable to sewage or wastes of unusual 
strengths, they are not intended to be 
a substitute for actual pilot plant in- 
vestigations wherever such investiga- 
tions are feasible. Like most other 
design criteria, they must be tempered 
with the judgement of one familiar 
with the design, construction and op- 
eration of the process. No criteria can 
he set up that will insure the sucecss 
of an inexperienced designer. 

This paper is not based on any 
original laboratory or plant-scale ex- 


periment. Instead, it is based entirely 
on a re-evaluation of the published 
work and findings of others. The 
author gratefully acknowledges the 
value of the original investigations. 


Optimum Quantity of Sludge 


When an adequate quantity of well- 
activated sludge is mixed with sewage 
or waste, the waste is clarified; that 
is, most of its pollutants and many 
bacteria and protozoa adsorbed 
by the sludge. In the presence of an 
adequate supply of oxygen, some bio- 
logical forms die off or remain dor- 
mant while others multiply rapidly. 
By their growth these organisms con- 
vert pollutants to carbon dioxide, sul- 
fates, nitrates and the living proto- 
plasm of their bodies. During the 
progress of this biological oxidation, 
enzymes may be secreted which hasten 
and improve clarification. 

Both oxidation 
take place most rapidly when acti- 
vated sludge and sewage are first 
brought together, providing there is 
sufficient oxygen available. Clarifica- 
tion or adsorption will be substan- 
tially complete in 20 to 40 minutes, 
but several days may be required for 


are 


and clarification 


complete oxidation. 

A balance must be maintained be- 
tween the two. If oxidation lags be- 
hind adsorption, the settleability of 
the sludge deteriorates and “bulking” 
is encountered, although clarification 
may still be excellent. If oxidation 
lags still farther behind, the sludge 
will lose much of its clarifying power, 
although its settleability may improve 
and become even better than that of 
fully activated sludge. Such a sludge 
can still produce considerable purifi- 
cation, even though it cannot yield 
the clear, sparkling effluent typical of 
the conventional activated sludge 
process. 
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TABLE 1 


Conventional Activated Sludge 
(No Separate Sludge Reaeration) 
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WIDE-BAND 
AIR DIFFUSION 
SYSTEMS 





For Maximum Effectiveness of Sewage Aeration 





oT = i v4 Pig 
Foe aE — ee ee 


Swing Diffusers installed for high rate aeration in 15 of 16 tanks at Los Angeles. California, Hyperion Sewage Treatment Plant. 
The City of Los Angeles, Board of Public Works and Metcalf & Eddy, Engineers 


Boost Aeration Capacity at Older Plants, 
Provide Highest Aeration Capacity and 
Flexibility for New Plants 


Wide Band Diffusion provided by Chicago Swing Dif- 
fusers in many cases doubles the aeration capacity of 
previously used plate diffusion systems. For example, the 
Columbus, Ohio Sewage Treatment Plant was able to treat 
only 37 M.G.D. with their old diffuser plate system. After 
changing to Swing Diffusers, aeration capacity was doubled 
without increasing the amount of air used or the volume 
of the aeration tanks. In both old and new plants, Swing 


Diffusers assure maximum oxygenation. 


Flexible Air Distribution 
Individual diffusers can be simply adjusted to balance air 


supply with oxygen demand for effective process control. 


Lifts Easily for Diffuser Maintenance 


Individual Swing Diffusers can be lifted out of tank with- 
out interrupting operation, eliminating stand-by aeration 
tanks. Precision Diffuser Tubes are quickly and simply 


cleaned to new condition to achieve maximum diffusion 


with low head loss 


Swing Diffusers are installed in such large cities as New 
York, Los Angeles, Chicago*, Philadelphia, Boston, Cleve- 
land, Omaha, Syracuse, Columbus, Oklahoma City, Boise, 
Madison, Altoona, Indianapolis, Lansing, Charlotte, N.C 
as well as smaller communities like Shelbina, Mo., Con- 
shohocken, Pa., Union City, Tenn., etc 


Complete Operating Histories and Descriptive Bulletin 
Available on Request. Write to Department J 


Subsidiary of Food Machinery and Chemical Corporation 


may® SEWAGE EQUIPMENT DIVISION 
622 DIVERSEY PARKWAY © CHICAGO 14, ILLINOIS 


CHICAGO PUMP COMPANY — 





Flush Kleen ®, Scru-Peller ®, Plunger. Horwzontal and. Vertical Non-Clogs Water 
Seai Pumping Units) Samplers vente a Stationary Diffusers, Mechanica! 
Aerators. Combination Aerator-Claritiers, Barminutor %, Cemminutors 
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TABLE 1 (Continued) 





B.O.D Applied, 
Ib per day 
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by Vol. 
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ratio of B.O.D. to suspended solids is 
questionable. Heukelekian, Orford 
Manganelli’® found that the rate of 
ited accumulation was 
of the B.O.D 
This indicates 
that the total quantity of the sludge 
carried in a plant should be correlated 
the B.O.D. load imposed 
process. Although such a pa- 
rameter has not been widely used, the 
National Research Council™ found a 
relationship to the 
Mohiman index and the average 
weight of B.O.D. entering the zra- 
tors per day per pound of suspended 
solids in them and the final clarifiers 
Okun", in his bio-precipitation 
studies, found the efficiency of B.O.D 
removal related directly to 
weight of total, or volatile, solids in 
the unit and inversely to the organic 
loading 
lable 1 summarizes published op- 
erating numerous 
tional activated sludge plants 
similar data for 
modified plain zration plants 


activ sludge 


primarily i tunction 


input to the process 


with daily 


on the 


exist between 


to be 


data on conven- 


Table 


contains several 
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Fig. 1 has been prepared from 
those data to show the relationship 
between B.O.D. loadings and remov- 
als per 100 pounds of mixed liquor 
suspended solids. Curve A shows the 
data for conventional plants; Curve 
B is plotted from all data 

The curves indicate that the acti- 
vated sludge process alone, exclusive 
of primary treatment, can be expected 
to yield about 90 percent B.O.D. re- 
duction as long as the daily 5-day 
B.O.D. load not exceed about 
50 pounds per 100 pounds of sus- 
pended solids in the zration tanks. 
If higher loads are applied, lower 
percentage reductions result. At a 
load of 400 pounds, the reduction is 
only about 54 percent 

The change in slope of the curve 
occurs at loadings between 50 and 
100 pounds. This probably repre- 
sents the middle ground between the 
conventional and high-rate processes 
where severe bulking is likely to be 
encountered. 

Thus, as far the conventional 
process is concerned, it appears that 


does 


as 


the maximum B.O.D. load should not 
exceed 50 pounds per day per 100 
pounds of mixed liquor solids. Even 
at design, the average load should be 
somewhat It is suggested that 
moderate to large plants be designed 
for an average of 30 to 40 pounds. 
Extremely small plants that will not 
receive 24-hour attendance or skilled 
operation, might be designed for load- 
ings of only 20 to 30 pounds of 
B.O.D. per 100 pounds of sludge 
solids, even though such a practice 
will increase their power require- 
ments. 

Although that portion of Curve B 
which applies to loadings in excess of 
100 pounds of B.O.D. per 100 pounds 
of solids is based on relatively few 
rather scattered points, it may be 
helpful in selecting the weight of 
mixed liquor solids required to obtain 
any predetermined degree of B.O.D. 
reduction from modified zration proc- 
esses. In making that selection, care 
should be taken to avoid minimum 
loadings of 100 pounds or less of 
3.0.D. per 100 pounds of solids, in 


less 





order to minimize the chance of 
bulking, even though the curve indi- 
cates that B.O.D. reduction would be 
greater at that loading than at higher 
loadings. 

Until more is known about modi- 
fied zration processes, it might be 
well for the designer to consider a 
combination of primary and conven- 
tional activated sludge treatment to 
yield the same over-all B.O.D. reduc- 
tion as that to be expected from modi- 
fied zration. By so doing, he would 
avoid the pitfalls inherent in design- 
ing for any new and poorly under- 
stood processes. 

In any event, the previously de- 
scribed pre cedure offers a method for 
selecting the sludge load for which 
the plant is to be designed. Thus, if 
it is required to treat 24 mgd of 
settled sewage having a B.O.D. of 
200 ppm by the conventional acti- 
vated sludge process, the B.O.D. input 
to the ration tanks will be 24 x 8.34 
x 200, or 40,000 pounds per day. If 
the B.O.D. loading is limited to 35 
pounds per day per 100 pounds of 
sludge solids, a total of 40,000 x 
100/35, or about 114,300 pounds of 
sludge solids are required. They might 
all be carried in zration tanks, or a 
portion of them might be carried in a 
separate sludge rexration tank. The 
volume of the tanks required would 
depend on the concentration of solids 
in them 

Without separate sludge rezration, 
a 5-mg zration tank with a mixed 
liquor solids concentration of 2,740 


ppm, or a 10-mg eration tank with 
a solids concentration of 1,370 ppm 
might be used. 

If a solids concentration of 4,800 
ppm was carried in a 2-mg separate 
sludge rezration tank, then an ezra- 
tion tank of only 2-mg capacity with 
a mixed liquor solids concentration 
of 2,050 ppm would suffice. 

In all three cases, the true sludge 
age would be the Therefore, 
assuming a continuous and adequate 
oxygen supply, the same average oxi- 
dation-adsorption balance, and hence 
the same sludge condition, would be 
maintained. 

However, the 
and rezration tank volume per pound 
of B.O.D. applied would be vastly 
different 

In the three foregoing examples 
the combined eration volume per 
pound of applied B.O.D. would be 
16.7, 33.4 and 13.4 cubic feet, re- 
spectively (Fig. 2). This illustrates 
the fallacy of setting up a volumetric 
B.O.D. loading criteria for zration 
tanks without giving consideration to 
their sludge content, as is done in the 
“Ten State Standards’”* or many of 
the equipment manufacturers’ design 
criteria. 

Such a volumetric requirement may 
be likened to trickling filter design 
practice where B.O.D. loadings are 
related to volume of filter stone. It 
is not the stone, but the biological 
growth on the that accom- 
plishes the purification. However, 
neither the designer nor the 


Same. 


combined zration 


stone, 


since 


R-275 


operator can measure the amount of 
such growth, we have been content 
with a correlation between B.O.D. 
load and stone volume. 

Such is not the case in the activated 
sludge process. There the amount of 
growth can be readily measured and 
controlled. Therefore, it should be a 
governing factor in plant design. 


Return Sludge Capacity 


No doubt there are limiting maxi- 
mum concentrations of solids that 
may be carried in either zration or 
sludge rezration tanks. However, it 
will be shown that if the rate of 
sludge return is adequate to prevent 
undue accumulations of sludge in final 
settlers during periods of high Mohl- 
man index, the solids concentrations 
in either zration or rezration tanks 
will not be excessive 

An average Mohlman index of 
about 100 is generally considered very 
satisfactory at conventional activated 
sludge plants of the diffused air type. 
However, Pearse and his committee! 
show that even at plants where the 
average index is about 100, the daily 
index may range from a minimum of 
30 to a maximum of 300 to 400 

The maintenance of a _ constant 
B.O.D. to solids loading would prob- 
ably reduce much of that variation, 
but in view of the highly variable 
B.O.D. input to most plants, such an 
ideal situation is impossible of attain- 
ment. Therefore, the designer should 
provide for satisfactory operation at 
a Mohlman index considerably above 





TABLE 2 


Plain Aeration and High-Rate Activated Sludge 





Plant 


Location 


Zz 
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Period 


Sewage to Aerators 


Susp 
Sol., 
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5-Day 
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Age", 
ppm days 





1945-46 
1942 
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1944 
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Ann Arbor, Mich 
Indianapolis, Ind 
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171 0.40 
182 0.27* 
181 0.33* 
193 31* 
132 7 0.80 
130 9.73 
70 360 0.23 
109 50 40 
105 59 





* Gould sludge age (See Ref. 3) 


* Based on assumption that the average suspended 


solids in aerator is same as that in entering sewage. 
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the maximum sludge index, and (c) 
the capacity of the return sludge fa- 
cilities. 

Both the sewage and the mixed 
liquor #ration periods are ignored. 
Since most of the pollutants are 
quickly adsorbed the sludge, 
neither of these periods is of any 
real significance. However, since 20 
to 40 minutes may be required for 
completion of adsorption, and since 
there may be some short-circuiting in 
the zration tank!’, it is probably de- 
sirable to provide a mixed liquor 
eration period of at least 60 to 90 
minutes. This offers a logical method 
for dividing the total zration tank 


herein should be 4,800 
ppm 

Bloodgood"® also presented a nomo- 
graph to illustrate the relationship 
between Mohlman index, return 
concentration, mixed 
liquor solids concentration and return 
for a K value of 


milar to 


ggested that moderate to 
an index 
whe re con- 


suggested, 
re designed for 
all plants, 
operation is improb 
1 for an index of 350 
of final 


ls hiological 


ntior sludge in sludge solids 
oxidation. by 
lzood’® stated sludge 


1.0. Fig. 3 is 
have nomograph, except it covers a wider 
plant , 


range ot val 


percentage 
Ble odgor d’s 
that 


1r activated sludge 


one rule we 


ues and permits readings 
to be made for any A \y from 1.0 
to 1.2. It shows that for a Mohlman 
index of 250 and a K value of 1.2, a 
sludge capacity of 135 percent 


return 
would be required if a mixed liquor 
2,740 ppm was 


siudage col 
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i TT Y 
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: _— alue 
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tanks long 
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carried 

If the mixed liquor solids were 
halved to 1,370 ppm, a return sludge 
+40 percent 
\ mixed liquor 
ppm 


? 050 
percent re 


Oo! only 
needed 
concentration of 


about 75 


about 


would require 


volume between mixed liquor eration 
and sludge rezration. 
In the foregoing example a 


eration tank and a 75 percent return 
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my 
2-mg 


sludge capacity was indicated for a 
24-mgd sewage flow if a 2-mg sludge 
reeration tank also provided 
Under these conditions, the theoretical 


was 


turn sludge capacity 

doubtful that 
economical to provide a 
of 
a K value of 


+,000 ppm cca mixed liquor zxration period would 
have been (24 x 1.8), or 
1.14 hours 
The design procedures herein pro- 
posed may result in the use of con 
callie diciaassetaienatiitals Gin siderably higher rates of slu ge re- 
» Mohimen index of 250. or to 1.720 %™ than are generally provided. 
oumn tor on inden of 350 Therefore, it may be pertinent to 
point out that the average sewage 
. , eration period is independent of the 
js Aeration Period amount a return aioe. For ex- 
is fol- ample, with 100 percent return sludge 
eration the mixed liquor eration period will 
be just one-half of what the sewage 
eration period would have been with 
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YEOMANS MANUFACTURES THE 
MOST COMPLETE LINE OF 
APPLICATION-DESIGNED 

SEWAGE TREATMENT EQUIPMENT 


which includes.. 


.. SPIRAFLO CLARIFIER for both primary 
and final clarification of domestic and process 
wastes. A clarifier of radically different de- 
sign, the Spiraflo offers complete settleable 
solids removal; greater removal of finely 
divided particles; positive grease, scum oil 
removal; uniform velocity throughout tank; 
and straight wall design which reduces con- 
struction costs. 


.. the WATER-WHEEL, a rotary distributor 
used with trickling filter systems in the sec- 
ondary treatment of sewage. An exception- 
ally rugged, yet simple piece of equipment, 
the Water-wheel provides uniform cistribu- 
tion over the entire filter bed at all flow rates 
. . even the lowest. Costly accessories, such 
as underground feed pipe, dosing chamber 
with siphon, center support, and mercury 
seal, are not required. 


. . the HI-CONE, the most important devel- 
opment in the surface aeration process of 
activated sludge treatment in the last 30 years. 
The Hi-Cone offers much greater circulation, 
and can handle substantially more sewage 
with no increase in power consumption per 
MG treated. Maintenance costs are mini- 
mized because nothing can clog. 


YEOMANS ROTARY DISTRIBU- 
TORS (both standard rate and high capacity). 
Standard rate units distribute evenly across 
the entire filter bed . . adjustable nozzies 
produce fine, well-aerated spray which car- 
ries down high volumes of oxygen. For high 
capacity filters, both the Yeomans high 
capacity type distributor and the Aero-Filter 
system are available. 


. . the CAVITATOR, a newly developed 
Yeomans unit for low cost treatment of both 
domestic sewage and industrial wastes. Per- 
fectly suited for small communities, sub- 
divisions, motels, resorts, schools and indus- 
trial plants, the Cavitator has excellent puri- 
fication efficiency, extremely high oxygen 
transfer efficiency, and extremely low air 
requirements per pound of B.O.D. removed. 


YEOMANS. 


1999-9 N. RUBY STREET 
MELROSE PARK, ILL. 
manufacturers of: 
distributors « clarifiers 
mechanical aerators 
pneumatic sewage ejectors 


digesters + centrifugal pumps 


Use this coupon to request any or all of the following technical bulletins: 


[_] Yeomans Spiraflo Clarifier, bulletin 6791 


(_} the Hi-Cone, manual 6000 . 
“it's a matter of public record” 


| the Cavitator, 12-page booklet 
Water-wheel, catalog 6555 


name 





. also 12-page brochure, 


company 





street_____ 





Yeomans Rotary Distributors, bulletin 6504 . . also 
manual 


Mail to: YEO MANS, 1999-9 N. Ruby Street, Melrose Park, Illinois 


zone __ State 
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100 15c 200 250 300 350 400 
LB B.0.D, APPLIED PER 100 LB SLUDGE SOLIDS 


Fig. |—RELATIONSHIP between B.O.D. loading and B.O.D. removal (see text for explanation) 


no return at all. However, on the 
verage, all of the sewage would pass 
through the zration tank twice, in 
1 of once, so the effective sewage 





Given: 
steac 


eration period is unchanged Sewage flow, 24 mgd 
\s long as the mixed liquor zration B.O.D. of settled sewage, 200 ppm 

period is long enough to permit sub B.O.D. loading, 35 Ib per day per 100 Ib of sludge solids 
stantially complete clarification, any 
further oxidation of soluble material 
can be accomplished just as well on Applied B.0.D. = 24 x 8.34 x 200 = 40,000 Ib per day 
the second pass through the erator Sludge solids required = 40,000 x 100/35 = 114,300 Ib 
as on the first. It is generally accepted 
that recirculation (at least up to a 
ratio of 1 or 2) greatly improves the Possible designs: 
removal of B.O.D by trickling filters 
There is no reason why it should not 
have a similar effect in the activated 


Calculations: 





Example number 3 
Sludge reaeration tank vol., mg 2 
Mixed liquor aeration tank vol., mg . ( 2 
Sludge reaeration solids conc., ppm 4,800 


Mixed liquor solids conc., ppm , 2,050 


sludge proc Ss 

lhe National Research Council", 
Fair and Thomas‘, Smith?® and others 
have proposed loading parameters 
that were equivalent to the B.O.D. to 
solids loading proposed in this paper, 
divided by the zration period. Fair 
and Thomas used the sewage zration 
period ; Smith used the mixed liquor 


Total reaeration sludge solids, Ib 

(axcx 8.34) 80,100 
Total mixed liquor sludge solids, Ib 

(bx dx 8.34) 114,300 114,300 34,200 
Total sludge solids, Ib (e + f) 114,300 114,300 114,300 
Combined aeration volume, cu ft 

per Ib of B.O.D. 1,000,000 

at b) /40,000 x 7.49) 16.7 33.4 


eration pet 10d 

Both of these conceptions are erron- 
eous because they fail to consider the 
fact that the sludge solids are retained Fig. 2—ILLUSTRATIVE examples of how logical design affects aeration volume. 
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concentration 


in the plant through several cycles or 
even days. During all of that time 
they are undergoing oxidation. The 
important thing is to retain the solids 
in the eration system long enough to 
permit oxidation to balance adsorp- 
tion. The sludge retention period iS 
governed primarily by the B.O.D. to 
solids loading, and is independent of 
either the mixed liquor 
eration period. 


sewage or 


Obviously, high return sludge rates 
increase the mixed liquor flow. How- 
ever, this should not necessitate the 
use of larger final settlers if they are 
so arranged that sludge is withdrawn 
from a point directly below the tank 
inlet. However, if the point of sludge 
withdrawal is remote from the inlet, 
as in Gould’s design’®, the procedure 
recommended herein will necessitate 
the use of larger final sedimentation 
units 


Sludge Reaeration 


In the foregoing procedure the con- 
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Fig. 3—-NOMOGRAPH for determining optimum solids content and percent of return sludge from Mohliman index and mixed liquor 
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centration of solids in the sludge re- 
gration tank, and hence its volume, is 
primarily dependent upon the maxi- 
mum Mohlman index for 
design. Obviously, the normal index 
will be lower and so the operator 
could frequently operate with higher 


solids. 


selected 


Such a practice would result in 
building up a higher total sludge in- 
ventory and reducing the B.O.D. to 
solids loading. That condition should 
be avoided. As will be shown, it in 
creases air requirements. It might also 
create a sludge disposal problem when 
the index again rose and the excess 
inventory of sludge had to be dumped 
over a short period of time. Such a 
condition could be avoided by 
tinuously operating the return sludge 
facilities at their maximum capacity, 
but in a large plant such a procedure 
might be wasteful of power. 

Therefore, if sludge rezration is 
to be used, provision should be made 
for introducing variable amounts of 
settled sewage, digester supernatant, 


con- 


p. p. mM. 


i 


800 


MIXED LIQUOR SUSPENDED SOLIDS 





700 


solids 


or both, directly to the rewration tank 
as required 

also is ad- 
vantageous 1n compensating for the 
unavoidable variations in total B.O.D. 
load imposed on the plant. It 
noted previously that the condition of 
the sludge, as measured by the Mohl- 
man index, wide limits 
from day to conven- 
tional plants 


Such an arrangement 


was 


varies 
day at 


over 
many 


Sludge rezration with flexible pro- 
vision for introduction of nutrients, 
either sewage or digester liquor, gives 
the skilled operator a convenient 
means of controlling such variations. 
[his indicates the superiority of “step 
zration” as patented by Gould’, the 
patented Kraus process®, or the un- 
patented Hatfield process over the 
old-fashioned fixed capacity separate 
sludge reeration tanks formerly used. 

From the viewpoint of construction 
costs, the principal advantages of 
sludge reeration are a saving in total 
eration tank volume and a probable 
1956 
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Fig. 4—CORRELATION between B.O.D. to solids loading and air consumption per pound of B.O.D. removed 


it logical to relate To understand why such is the 
B.O.D. removal rather case, it is necessary to recall that most 
lume of sewage. This wi~ of the sewage B.O.D. is quickly ad- 
newer “Ten State Stand- sorbed by the sludge and that it is 
several of the equip- the subsequent oxidation of the ad- 
unufacturers’ criteria sorbed material that consumes the 
1 and 2 show average air oxygen. D. loadings of 35 
to 50 pounds per day 100 pounds 
of sludge lids, xidation is just 
barely keeping pa with adsorption. 
Chere fore, 
tionship | 
air consun 
riowever, ; 
B.O.D. to solids 
Air Requirements 1 . 
able portion of the 
by “wet combustion.” irthermore, a 


low B.O.D. to solids loading favors 


nitrificatior Both nitrification and 
wet combustion require additional 
oxygen, sO air usag r pound of 
however, B.O.D. removed from the sewage 
25 increases 


At the high B. ) D to solids loa 


h below 
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ings used in modified zration proc- 
esses, oxidation lags behind absorp- 
tion and sludge is retained the 
plant such a short time that one 
might expect air consumption per 
pound of B.O.D. removed to drop 
more tl indicated by Figure 4. 
Possibly additional data on modified 
zration would pic 
ture the decreased effi 
ciency of the only partially activated 
sludge offsets much of 
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WALLACE & TIERNAN 


INCORPORATED 


CHLORINATORS AND CHEMICAL FEEDERS 
25 MAIN STREET, BELLEVILLE 9, NEW JERSEY 


REPRESENTED IN PRINCIPAL CITIES 


Canada: Wallace & Tiernan Ltd., Montreal, Toronto, Winnipeg, Calgary 
England: Wallace & Tiernan Ltd., London 





DISINFECTION OF SEWAGE 


The need for sewage disinfection cannot today be 
overlooked. With increasing population the growing 
demands on water supplies necessitate using sources of 
supply hitherto considered unsuitable. The increasing 
popularity of swimming has led to the use of the most 
available bathing beaches, lakes and water courses. The 
national resentment against the pollution of streams and 
rivers is gaining momentum. All of these have cen- 
tered the attention of sanitarians on sewage treatment. 
As a final measure of securing complete health protec- 
tion, sewage disinfection, with chlorine, is accepted 


practice. 


Typical Installation of a W & T High Capacity Chlorinator Installed in a 
Sewege Treatment Plant. 
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ODOR CONTROL 


The control of obnoxious odors from sewage treat- 
ment works, long outfall sewers and other disposal 
plant appurtenances is distinctly a field for chlorination. 
Neutralization of hydrogen sulfide (the gas responsible 
for these obnoxious odors), or prevention of its forma- 
tion by controlled application of chlorine, is not only 
quite practicable but also results in economy of opera- 
tion due to reduction of deterioration in interceptors 
and allied appurtenances. 


B.O.D. REDUCTION 


Treatment plants discharging effluents into water 
courses having extreme seasonal variation in flow have 
profited from controlled chlorination to reduce bio- 


chemical oxygen demand. Field tests have often shown 
a reduction in the five day B.O.D. of up to 30 per cent. 


OTHER ADVANTAGES 


Similarly, chlorine prevents filter “ponding.” It is 
also widely used to prevent sludge “bulking.” Where 
grease is a problem, chlorine will aid in its removal and 
minimize its accumulation in small pipes and spray 
heads. When added to return supernatant liquor from 
digesters, chlorine tends to counteract the impact of 
highly putrefactive liquids from fresh sewage. The 
thickening of sludge may be greatly benefited by the 
maintenance of a “chlorine blanket” in the supernatant 
above the sludge. Chlorine is also useful in the prepa- 
ration of coagulants such as “chlorinated copperas.” 
Difficult trade wastes, such as those containing cyan- 
ides, can be effectively purified by designing means for 
the application of chlorine into the process. 


EQUIPMENT 
For every sewage plant, there is W&T Equipment 
to fit. Visible Vacuum Chlorinators with capacities from 
ounces to 8000 pounds per day—Solution Feed and 
Direct Feed Chlorinators for small plants—and Reagent 
und Chemical Feeders to meet many varied chemical 
treating applications. All W&T Apparatus is backed 

by over thirty years’ experience. 


TECHNICAL INFORMATION 


W&T representatives will gladly discuss any sewage 
chlorination problem. Technical bulletins on the many 
phases of sewage chlorination and W&T Chlorinators 
will be sent free on request. 





Sewage Chlorination in Review 


YHLORINE and various chlorine 


products constitute one of the 


most versatile and powerful tools en- 
dowed the sanitary engineer, plant 
superintendent or operator. The ap- 
plication of chlorine has steadily in 
1930 Gascoigne! listed 
eim- 


creased. In 
50 sewage plants in the U.S 
ploying chlorine for odor control. A 
1946 survey* of 5400 sewage plants 
showed 1320 to be using chlorine for 
Che number 
Chlorination 


one purpose or another. 
constantly. 
has been accepted as an integral part 
of modern treatment practice 

rhere is almost no limit to the put 
poses for which chlorine, or its com 


has grown 


sewage 


mercially available derivatives, may be 
applied for some specific use in sewage 
treatment. The multiplicity of its uses 


include 


Up-sewer chlorination to pre 
vent disintegration of masonry 
structures 

Control of septicity and odors 
along trunk sewers and in treat- 
ment plants 

Improving the removal of settle- 
able solids 
Reducing biochemical 
demand 


oxygen 


Increasing eihciency of 
beds 
Preventing filter ponding and 
fly control 
Controlling Imhoff tank foam 
ing 

Controlling activated sludge 
bulking 

Improving clarification with 
chemical precipitation. 
Improving sludge digestion and 
elutriation 
Disinfecting effluent prior to 
discharge 

Retarding putre faction in the r 


ceiving watercourse 


Since chlorine is a strong oxidizing 
agent, its action is basically very sim- 
ilar in all these applications. The qual 
ity of raw sewage, type of treatment 
and desired degree of final effluent 
purification must be considered in 


effective chlorination; it should be 


by WERNER N. GRUNE 


planned as an integral part 
treatment. 


Chlorination Chemistry 


Chlorine, a greenish-yellow ga 
one of the most active elements. It is 
more active than oxygen and is there 
fore not found free in nature. Chlorine 
having a molecular weight of 71 is 
2.5 times as heavy as air. It can be 
liquefied at about 65°F 
and is commercially available as a 
99.99% pure liquid. In liquid form, 
chlorine is easily shipped and handled 
under pressure in cylinders and tanks 
usually under a pressure of 100-150 
psi. As the gas is withdrawn from a 


and 250 psi 


container, more liquid chlorine reverts 
Chlorine will dis- 
9500 


to its gaseous state 
solve in water to the extent ot 
ppm. at 50°F. This solubility decreases 
to 7000 ppm. at 68°F, 5000 ppm. at 
92°F and only 4500 ppm. at 104°F 

Safety precautions are of utmost 
importance when chlorine is handled 
lo illustrate, the toxicity of this gas 
is shown in Table 1 (after Moore*). 

Other forms of chlorine and chlo 
rinated organic compounds to be dis- 
cussed later are enumerated here for 
identification. 


Sodium and Calcium 
NaOCc! 


Ammonia-chloramine 


Hypochlorite 


compounds 

NH.Cl 

NHCI, 
NCI, 

CHCl, 

Dichloropropane C,H.Cl. 

Orthodichlorobenzene 


(Paradichlorobenzene 


Monochloramine 
Dichloramine 
Nitrogen trichloride 


Chloroform 


C.H.Cl, 


an emulsion of chlorinated 
hydrocarbons, principally orthodichlo- 
robenzene) 


C.H,OH Ci 
C.H.OH Cl, 


Chlorophenol 

Trichlorophenol 

Sodium pentachlorophenate 
Santobrite’’) 

DDT 


Chlordane 


Some chlorinated aliphatic hydro- 
carbons and aromatic organic chlorine 
compounds may possess desirable 
characteristics, such as longer per- 
sistency in a sewer line, because they 


release chlorine more slowly 


“Available Chlorine” 


lo compare the amount of active 
chlorine, varying considerably between 
the many compounds, the phrase “per- 
centage of available chlorine” was 
chosen on the basis of the oxidizing 
power of the compound. This simply 
means the oxidizing capacity equiva 
lency on a mol basis of chlorine. To 
illustrate, the ‘available chlorine” in 
Ca(OC1)>. is 99.2 per cent by weight, 
while in hypochlorous acid it is 135.4 
per cent. The equivalent mol weight 
of the compound must be compared 
with the oxidizing power of a chlorine 


mol weight, or 71. 


lhe term “available chlorine” there 
fore refers to the oxidizing power of 
any substance compared to that of one 
mol of Clo regardless of whether it 
contains chlorine or not. It now fol 
lows that one may speak of the “avail 
able chlorine” of any oxidizing agent, 
as KMnQO,4, HeOQe or Og. An 
table, showing the per cent 


by weight of chlorine actually pre sent 


such 


excellent 





Table 1 
Toxicological Effects of Chlorine 


Least detectable by odor 

Produces throat irritation 

Produces coughing 

Dangerous for 30-minute exposure 
Rapidly fatal 


ppm. by volume, in air 
about 3.5 
15 


> 
SU 
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and “available” according to oxidizing 


power, 


presented by Moore’. 


Chlorine-Water Reaction 
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The rational method of con- 
Table 2 trolling chlorination is to main- 
tain a fixed chlorine residual in 
the sewage after a specified con- 
Percentage of Chlorine present as 

tact period to achieve a stipu- 


Monochloramine Dichloramine erat —e ~ : 
lated MPN in the effluent a 





Chloramine Distribution at Various pH Vaives 
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agent chlorine kills bacteria, oxidizes 
sulfides and raises the O-R potential. 
Biological activity and bacterial de- 
composition both of organic and in- 
organic sulfur containing compounds 
present in normal sewage is retarded. 
Sporovibrio desulfuricans are respon 
sible for the biochemical reduction of 
sulfates to produce H.S. Chlorination, 
by effecting a mild oxidizing condition 
in the sewage, permits it to accumulate 
a little then the 
sewage continues in an oxidized state, 


dissolved oxygen; 


preventing the reappearance of sul 
distance downstream 

reduction 
when 


fides for some 

\ negative oxidation 
(O-R) potential is measured 
H.S is produced, and indicates septic 
With sufficient chlorine 
added to sewage, a positive O-R po- 


tential is established. Biological sewage 


conditions 


treatment usually operates well as long 
as the potentials are on the oxidative 
or posi Maintenance of the 
positive potential due to fresh sewage 


live side 
conditions, cleanliness, and ventilation 
in sewers, prevents the development 
of reducing types of bacteria and the 
production of H,S 


Sewer Slimes 


Secondly, chlorination prevents the 
production of HyS from sewer slimes 
Pomeroy 


demonstrated 


' and Heukelekian!? clearly 


that sulfides are gen 
erated only by slimes on submerged 
surfaces, or in sludge deposits along 
sewer bottoms, in free flowing sewers 
It has been found that the amount of 
sulfide production arising from the 
filled usually 
xcept under conditions of 


sewage in sewers is 
negligible. | 
extreme reduction, sulfate concentra 
tions are not expected to have much 
effect on the rate of sulfide production 
in sewers 

Beardsley** calls the slimes on the 
“zones of rapid bio 

and the 
transformations brought 


sewer surtaces 


chemical change 


regards 
chemical 
about due to a combined effort of bac- 
teria, fungi, protozoa, worms, and in- 
sects in the slime. Slinte deposition is 
most favorable where the surface of 
the flowing stream wall 
Longitudinal velocity here is negligible 
and the action of surface ripples fa 
vors deposition of suspended material 
Che growth of reduc 
sewer slimes is fa 


meets the 


from the stream 

ing Organisms in 
vored by warm weather, 80°F being 
optimum temperature Sewage in con 
tact with such growths becomes 
charged with sulfides. 

With the realization that sulfides 
usually are not produced in the sew- 
age strearm but in the slimes along 
sewer walls, sufficient chlorine must be 
added to carry a sterilizing concentra- 
tion through the section to be treated. 
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Table 3 
Required Chlorine Dosages for Disinfection 





Crude sewage 
Fresh to stale 
Septic 


Settled sewage 
Fresh to stale 
Septic 


Chemical Precipitation effluent 


Trickling Filter effluent 
Normal 
Poor 


Activated Sludge effluent 
Normal 


Poor 


Intermittent Sand Filter effluent 
Normal 
Poor 


Chlorine, ppm. 


6 12 
12 25 


10 
40 





Continuous dosage at such high rates 
generally is uneconomical. Intermit- 
tent chlorination is the better method, 
for once the slimes are killed consider- 
before new de- 

microbial cul 


time 
velopments of active 


able may pass 


tures dev elop again 


Chlorine and Hydrogen Sulfide 


lhe reduction of chlorine by hydro 
gen sulfide may be indicated by the 
following reaction 
Cl, — 2 HCI + S 
This shows that for every ppm. of 
HeS destroyed, 2.2 ppm. of chlorine 
must theoretically react in a pure water 
solution. In the many 
other reducing agents that consume 
chlorine in sewage, a lowered efficiency 
of sulfide destruction is expected. 

Pomeroy'! found the chlorine 
sulfide ratio to vary from 3 to 9 for 


Hes 


presence of 


numerous septic sewage samples from 
the Los Angeles County Sanitary 
Districts. Sulfides exert a high and 
almost instantaneous chlorine demand. 
One sulfur atom undergoing complete 
oxidation from the sulfide to the sul- 
fate condition, destroys the bacteri- 
cidal power of 8 chlorine atoms, the 
ratio of equivalence by weight being 
almost nine to one. In alkaline solu- 
tions, low concentrations of chlorine 
do not quantitatively oxidize sulfides 
to sulfates. With a pH above 8 the ra 
tio of chlorine reduced to sulfide oxi- 
dized may fall as low as 5 to 1. 

The ratio of increase in chlorine 
demand of sewage to the increase in 
total sulfides is likely to be 15 to 1, or 
even 25 to 1, when sulfides are gen- 
erated by the action of slimes. The 
ratio is determined for each case by 
the character of and slime 
growth 


sewage 


In practical application, from 6 to 
15 lbs. of chlorine are necessary for 
each pound of sulfide eliminated. The 
higher values are due to less efficient 
mixing in the sewer (as compared te 
bottle tests), since a proportion of the 
chlorine is used up in side reactions. 
Where sulfide tests can be satisfac- 
torily carried out, sufficient chlorine to 
keep the sulfide concentration below 
1.0 ppm. should provide effective odor 
control 

In many cases the sulfides are de- 
stroyed after they have formed, in- 
stead of attempting to prevent their 
generation. Following this principle 
rigorously would require an excessive 
number of chlorinators. Actual prac- 
tice requires adoption of a com- 
promise, locating the chlorinators 
where they will destroy sulfides en- 
tering the trunk sewer and also, by 
using moderate excess dosages, pre- 
venting sulfide formation for some 
distance downstream. The main diff- 
culty in odor control is that no O.T. 
residual is produced. This difficulty 
can be overcome by means of a cell 
connected to a chlorinator through a 
series of relays. When the O-R po- 
tential drops below a predetermined 
point, the cell impulse actuates the 
chlorinator which in turn applies more 
chlorine. This is known as the “po- 
tential chlorination” system used by 
Fort Wayne, Indiana, for many 
years}, 

Beardsley™ stated that elimination 
of slimes by disinfectants added to 
the sewage never can prove econom- 
ically sound since many of the slime 
producers are capsulated bacteria. He 
therefore advocated surface treatment 
with bactericidal compounds. After a 
thorough cleaning of sewer walls, a 





NOW rontier LIQUID CHLORINE 


(IN ALL STANDARD CONTAINERS) 


from DENVER CITY, TEXAS 
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Preventing Masonry Disintegration 
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steel structures, interference with Im- 
hott tank operation, interference with 
aeration, clogging of filter beds, and 
sludge digestion problems. 
Troublesome grease emulsions in 
sewage or industrial wastes may be 
broken up by the addition of chlorine. 
lt was found that the amount of scum 
removed from the surface of settling 
tanks can be increased by prechlorina- 
tion without increasing the frequency 
of skimming. Faber*° reported the use 
of chlorine with diffused air, 
called aerochlorination. 
With prechlorination it is not neces- 
to chlorinate to a residual. A 
dosage of 2-5 ppm. of chlorine often 
is sufficient. It may be applied ahead 
of a preliminary skimming tank, set- 
tling or tank. When aero- 
chlorination is used the gas is mixed 
the air supplied to the 
from 2-10 ppm. of chlorine are 
mixed with 0.02 to 0.20 cu. ft. of air 
per gallon of sewage, using 3 to 20 
minutes’ aeration period. The pro- 
cedure was modified at Lancaster, Pa., 
by applying chlorine solution to the 


a process 


sar) 


aeration 


aeration 


sewage ahead of the aerators 


ig 
B.O.D. Reduction by Chlorination 

he purposes for which chlorine ts 
idded to reduce B.O D. include 
exceedi1 9 the de 


: plant 
overload, due to 
signe d cap icity : presence O industrial 
in the much 


sewage to 


wastes sewage: or too 
supernatant for the raw 
| : 5 | 
handle 

As early as 1927, Enslow?! reported 
that B.O.D. reductions up to 62 per 
cent could be expected with chlorina 
ater the 


the pei 


alone and that the ore 
B.O.D 


tion 
the greatet 
# te! Griftin® 
strongel 


B.O.D 


initial 
centage removal 
firmed that the 
the 


col 


the sew ige, 
removal per 
pound of chlorine added 
found that dosages of 10-15 ppm. with 
1 10 minute chlorine residual of 0.2- 
0.5 ppm., showed a B.O.D. decrease of 


1er chlorine 


the greater 
Baity?? 


43 per cent and that hig] 
dosages effected little increased oxida- 
B.O.D. reductions were 
15-day 


the same effect as 


tion. These 
permanent, 


relatively 


since incubations 
showed 
5-day samples 

Where plants are inadequate to pro- 
tect stream quality, during 
dry periods, chlorination for B.O.D 
reduction is economical and effective 


especially 


Chlorinating sewage to a residual re- 
activity, often per- 
ied down- 


tards biological 
mitting sewage to be carrie 
stream l 

rapid 
chlorine for relieving the load on the 
applicable for 


L« 
for adequate dilution before 
decomposition sets in. Using 
stream is particularly 
plants employing only primary treat- 
It must be remembered that 
q adiunct. 


ment 
chlorine, though an effective 





cannot be considered a substitute for 
secondary treatment. 

Prechlorination for reducing plant 
overload will reduce the B.O.D., ap- 
proximately 2 ppm. for each ppm. of 
chlorine applied. It is generally ac- 
cepted that chlorination of sewage, 
sufficient to produce a slight residual 
after 15 minutes of contact, results 
in 5-day B.O.D. reductions of 15-35 
per cent. 

There is no decisive evidence 
whether the 5-day B.O.D. reductions 
observed result from a reduction of 
the total amount of decomposable 
matter, or a reduction of the rate of 
B.O.D. exertion, but recent studies by 
Snow** indicate quite well that both 
total amount of B.O.D. and rate of 
exertion account together for the ob- 
served B.O.D. reductions. The stage 
of decomposition of the organic matter 
in the sewage is pointed out as the 
determining factor in the amount of 
B.O.D. reduction that can be expected. 
Chlorination of fresh sewage to a trace 
residual after 15 minute contact period 
produced only 10 per cent reductions 
instead of the usually accepted 15-35 
per cent range. To obtain reductions 
of 35 per cent chlorine doses as high 
as 100-300 ppm. had to be used. Re- 
ductions as high as 75 per cent were 
achieved by chlorination to the “break- 
point” but the use of such extreme 
amounts of chlorine would be pro- 
hibitive. 

Further proof that the condition of 
the sewage has a great influence on 
the B.O.D. reduction was observed 
when sewage was initially incubated 
under aerobic conditions for one-half 
to two days and then chlorinated to a 
15-minute residual. B.O.D. reductions 
of 25-40 per cent were obtained. 
Anaerobic incubation for one day 
yielded 23.6 per cent reduction of the 
5~lay B.O.D. compared to only 11 per 
cent when the sewage was fresh 

Large B.O.D. reductions also were 
achieved with a plain aeration period 
of 30 to 60 minutes preceding chlo- 
rination. The maximum overall ef- 
ficiency was 44 per cent. This was 
obtained with 60 minutes of plain 
aeration followed with sufficient chlo- 
rine to produce a trace residual after 
30 minutes of contact. Snow** sug- 
gested the combination of plain sedi- 
mentation, plain aeration and chlorina- 
tion for an intermediate degree of sew- 
age treatment 

The common practice for decreas- 
ing the load on the receiving stream 
is prechlorination ahead of settling. 
Hazeltine** reported that changing 
from postchlorination to prechlorina- 
tion at the primary units produced 
greater B.O.D. reductions through one 
clarifier that was previously attained 
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SCHEME of chlorine application in treatment plants 


through the use of two clarifiers op- 
erating in series at Butler, Pa. 

Postchlorination of the primary ef- 
fluent has been used successfully, with 
B.O.D. reductions up to 50 per cent 
reported, although the reduction nor- 
mally is not expected to exceed 25-35 
per cent. 


Chlorine in Secondary Treatment 

At some plants, ponding or pooling 
of trickling filters occurs regularly in 
the late winter or early spring. The 
clogging and resultant ponding of 
filters may be due to several condi- 
tions, including : 

1. A gelatinous organic growth of 
algae or fungi on the stones 
Sewage solids not removed in 
primary treatment 
Deterioration and spalding of 
the stones. 

The trouble often is caused by algal 
growths forming a gelatinous slime, 
catching the solids coming over from 
settling tanks, enmeshing dust and 
cinders from the atmosphere, and 


1g filter plant 


finally resulting in the stoppage of the 
filter nozzles as well as ponding of 
the bed. 


Preventing Filter Ponding 


Chlorine removes the slime accumu- 
lation on nozzles and stones by virtue 
of its algacidal properties. The de- 
posits slough off and are then washed 
out of the filter. Since clogging usu- 
ally manifests itself in the upper 8 to 
16 inches of the bed, these surface 
growths must be killed. Treatment 
periods should be short to prevent 
chlorine from penetrating too deeply 
into the beds. 

Removal this material can be 
accomplished by the application of a 
solution of calcium hypochlorite, or 
of dry hypochlorite on the filter sur- 
face if more practicable. Another con- 
trol method consists of applying 
chlorine just ahead of the filter, as in 
the dosing tank. Continuous applica- 
tion usually is employed until the filter 
is clean, and following applications are 
practiced intermittently to maintain 
the clean condition of the bed. Many 


ot 
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night 
when the sewage chlorine demand and 


operators chlorinate only at 


a minimum 

he amount of hvpochlorite re 
iired for the relief of filter ponding 
iy be expected around 8-12 Ibs. of 
tilable chlorine per 1,000 sq. ft. of 

r area. If filter influent chlorina 
a 1-10 ppm. residual must 
laintained at the spray nozzles 
the effluent from pri- 


units often is high in chlorine 
] 


ww are at 


Is used 
muc! as 


this residual may require any 
5 to 40 ppm. of chlorine. 
vhich practice is followed 
tment repeated 
eral successive treatments 
red before hlter ponding 


should be 


eriod ponding occurs, a 
lorination program may be 
reliet 


te insure permanent 


then programmed to 


wl 1s 


rtain dose to the filter in 


1 predetermined time in 
veekly or some other con 
he 


edule required dose 


give residuals 
m. at the nozzle 
Westheld, N. Y.,*° it 


the filter surface directly 


was neces 
) spra 
lorinator hose to correct a 

of filter ponding. At 
recirculation of heavily 

nal tank effluent would 
ponding. By holding the 

rm in one place for about 

nd then rotating the arm 

feet until the entire filter surface 
een treated identically, the pond 
eliminated. The filter 
returns to a 
lity in about a week after 
Then the effluent 


hnaity 
| 

generally Sallis- 

rei ved 


mprove d quality 


Control of Filter Flies 


the growth of Psy hoda 
he filter fly, 
lucing this fly 


tion has gotten out of control, It 


reventing 
Is preterable 
nuisance once the 


sonable to expect that chlorina 


dequate to remove some of the 
nic growths in the upper layer of 
mini 


the 


will considerably 
ground fot 


ter bed, 
breeding 
lorination for fly control is re 
to only during the fly season 
imount of chlorine required 1S 
than that necessary to relieve 
ed filters. A slight chlorine resid 

t the spray nozzle, resulting from 
3-10 ppn 


ettective 


chlorine dosage usually 


Chlorination should be 


programmed during night flows for 


minimum chemical cost 


[here may be some relationship be 


tween the number of chlorine atoms 
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in the compound and its insecticidal 
potency. DDT and Chlordane have 
been reported to be effective in 
Psychoda alternata control. 


Activated Sludge Chlorination 

1929, the activated 
sludge plant at Barnsley, England, 
showed improvement by applying 
bleaching powder to the raw sewage 
prior to sedimentation.** Increased 
benefits were obtained when chlorine 
was applied to the return sludge at 
the point of mixture with the settled 
sewage. In 1934 at Lima, Ohio, the 
return sludge was chlorinated during a 
period of bulking, and Smith?*-** re- 
ported that small amounts of chlorine 
ettectively fungus growths 
and stopped the bulking. A relation 
between the required amount of chlo- 


As early as 


reduced 


rine and the percentage of solids in the 
retur! 
Man 


chlorine in 


sludge was noticed. 
explanations for the role of 
sludge control 
have been advanced, among these are 
action in 


bulking 
the maimtenace of aerobic 
the aeration tanks by limiting repro 
duction of maintain a 
suitable protozoa-bacteria ratio) or of 
natans, and a B.O.D. 
reduction in return sludge. There is 
little doubt that chlorine kills part of 
the biological life in the return sludge 


protozoa to 


Sphaerotilus 


lapleshay*®:*! described the action of 
chlorine as restoring the balanced load 
between organic matter and biological 
life in the return sludge 

rhe proper dosage is a function of 
the sludge index and the dry weight 
of solids in the return sludge com- 


puted according to this relationship® : 


0.0000834 Ibs. of Cl./day 
Mohlman Sludge Index 
Return sludge rate, m.g.d 
Suspended solids in return 
sludge, ppm 


\ chart 


suspended 


a wide range of 
and sludge index 
values shows that from 2-24 lbs. of 
chlorine per 100,000 gals. of returned 
sludge is required. Normally the dos- 
age is about 5 ppm. of chlorine based 
on return sludge flow. The treatment 
never produces an O.T. residual ; such 
a concentration would be undesirable 


covering 


solids 


because of excessive kill of beneficial 
biological life in the sludge. Tapleshay 
found the best point for chlorine ap- 
plication to be in the return sludge, 
allowing 2-3 minutes contact prior to 
mixing with primary effluent. He 
found it best also to keep the rate of 
return sludge as near a constant per- 
centage of the flow as possible during 
chlorination, to practice continuous 
application rather than intermittent 
chlorination, and to make only minor 


adjustments of the dosage from day 
to day. Little reliance can be placed on 
chlorine demand determinations of 
the return sludge, the results being too 
variable for control purposes. 

When chlorine is first applied to 
return sludge, a turbid plant effluent 
inmay be expected as the reaction sets 
in. This turbidity decreases as the in- 
dex is reduced and the real improve- 
ment will be found after 3 or 4 days. 
The practice of chlorination for con- 
trol of bulking cannot be considered as 
a cure-all for all cases of bulking. 
Physical defects such as poorly bal- 
anced mixed liquor solids’ concentra- 
tion, return sludge rate and air appli- 
cation for the B.O.D. loading are 
among other factors which may cause 
the condition. 

Chlorine has effectively 
ployed for the cleaning of clogged 
diffuser plates in aeration tanks. For 
this purpose, chlorine is added directly) 
into the air header or an intermittent 
basis, about 3-4 Ibs. per hour per air 
header unit for a period of 2-3 hours 
during the day. 

Chlorine is an economical method 
for cleaning plates. Though it will not 
give continuous relief, the frequency 
of plate removal for cleaning with 
acid or by burning is decreased, and 
treatment of the plates can proceed 
while the remain in 
operation. 


been em- 


aeration tanks 


Supernatant Liquor Chlorination 


Supernatant liquor from digesters 
usually has an extremely high chlorine 
demand (10,000-30,000 ppm.), and 
when returned to the primary tank 
influent often upsets the plant due to 
the overload it creates. 

At some plants chlorine is applied 
to the incoming raw sewage to mini- 
mize upsets during supernatant re- 
turn. Where prechlorination is prac 
ticed, the dosage need be but slightly 
increased if the supernatant is re- 
turned slowly but continuously 
throughout the day. Another method 
is to return the supernatant in the 
early morning hours when the raw 
sewage has a minimum chlorine de- 
mand and the mixture is then chlo- 
rinated prior to settling. Definite dos- 
ages are difficult to state, but 20-80 
ppm. of chlorine applied to the super- 
natant often is sufficient to reduce the 
load on the plant. 


Foaming Control by Chlorination 


Foaming may occur as the result of 
“wild” bacterial activity when the pH 
of the digester contents is above 7.0. 
For control, lime generally is tried 
first. Chlorine has often provided the 
answer where lime failed, especially 





in foaming Imhoff tanks. The applica- 
tion of sufficient chlorine to sewage 
eutering such tanks, to produce an 
O.T. residual, slows down such activ- 
ity and decreases the evolution of gas 
responsible for the foaming. The ap- 
plication of 3-15 ppm. of chlorine 
usually reduces foaming and some- 
times stops it completely. 


Conclusion 

Che examples cited illustrate eco- 
nomic applications of sewage chlo- 
It should be clear that in no 
other treatment 
processes been supplanted by chlorina- 
tion. The effectiveness and the effi- 
ciency of chlorination is limited, and it 
cannot be employed alone where any 
degree of treatment But 
chlorination supplements many other 


rination 


case have sewage 


is required 


processes and has found its proper 
place among them 

Che slow action and long retention 
properties possessed by some of the 
chlorinated organic compounds even- 
tually the problem of 
sulfide Much more laboratory 


May answer! 
control 
and field study, together with economic 
consideration, must final 


conclusions at this time 


awalt ny 
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SOLIDS DISPOSAL 


Outline of Modern Methods and Practices 


val of suspended and floating matter from sew- The following pages of this Reference & Data Issue of 
is the principle purpose of primary sewage treat- Water & Sewage Works contains articles, data and in- 
ment. Disposing of these solids presents one of the formation on this general topic. The outline below shows 


is 


major problems of sewage treatment plant operations. the broad area of topics which fall within the general 


subject of solids disposal. 


Types of Solids (1) Internal 
(2) External Heat Exchangers 
e. Mixing 
2. Digestion Period 
a. Loadings 
b. Mixing 
Operation 
a. Additions 
b. Withdrawals 
(1) Supernatant Liquor 
(2) Digested Sludge 
Recirculation and Mixing 
(1) Mechanical 
(2) Gas 


Scum Problems 
ocreenings 


V. . Sludge Dewatering 


A. Chemical and Mechanical 


V. . Sludge Dewatering 


Sludge Type and Concentration 
l. Raw 

2. Digested 
3. 


Activated 


l reatment 
1. Chemical 
a. Kinds of Chemical 
b. Amount of Chemical 
2. Vacuum Filtration 
a. Kind of Filter 
b. Character of Filter Cake 
c. Yield 
3. Natural Drainage 
a. Sand Beds 


b. Lagoons 
(orit 


hel | rapers 


haters . . Final Disposal 


( onvevors Drying 
1. Natural on Sand Beds 
2. Artificial Heat 
Pumps 
Incineration 
1. Incinerator Operation 


2. Ash 
To Land 


1. Soil Conditioner vs Sludge 
2. Fill as Ash or Sludge 
ng Cover 
1 Cover To Sea 
Size and Capacity l. Barging 


d. Heating 2. Pipe Line 
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SLUDGE DIGESTION AND GAS UTILIZATION 


AW SEWAGE sludge is under- 

going active decomposition as it 
settles to the bottom of a primary 
sedimentation tank. This decomposi- 
tion can be controlled if the sludge is 
removed almost immediately to a 
separate compartment, otherwise the 
sludge will float upward into the 
settling zone and leave the settling 
tank with the effluent. 


Sludge Digestion 

Fine screenings are practically al- 
ways incinerated, but raw sludge 
from primary sedimentation tanks is 
practically always digested. In many 
trickling filter and activated sludge 
plants, the sludge from the final clar- 
ifiers is returned to the primary clari- 
fier, or it may be pumped directly to 
the digesters The former practice 
has less upsetting effect on digestion. 

lhe decomposition or digestion of 
sludge is brought about by bacteria 
which function in the absence of at- 
mospheric oxygen. These organisms 
are present in sewage and 
begin to develop as soon as conditions 
no dissolved OXY- 


always 


become anaerobi 
gen). The principal bacteria are of 
several types working together, but 
the reaction involved is an anaerobic 
hydrolysis and oxidation of the or- 
matter to produce fatty (or- 
acids which in turn are de- 
luce gas consisting 
and methane and 
hydrogen, hydrogen 
and ammonia which is dis- 
in the Although most 
is produced in the first 


ganic 
ganic ) 
composed to prot 
»f carbon 
small amounts of 


diox ide 


sulfide, 
solved liquid 


»f the 


week, 


gas 
further digestion is necessary 
to stabilize the organic 
matter, reduce its water binding char- 


remaining 


acteristics, and produce a good di- 
gested sludge, which will be black, 
have a slightly tarry odor, drain well, 
and be inocuous as fill. Thus there are 
two stages of digestion 

If digestion tanks are overfed in 
relation to capacity, or lack sufficient 
heat, or fail to maintain the proper 
pH, the acid “intermediates” produc- 
tion may outstrip the conversion of 
those acids to gas. The tanks then 
become sour, the pH drops, odors 


result, gas production decreases, di- 
gestion slows down and may stop. 
Control of temperature is very 1m- 


portant and in some cases the addi- 
tion of lime has been used to raise 
the pH which has been lowered by 
the production of the organic acids 
Best control is to reduce the rate of 
feed and to keep a check on the vola- 


tile acids, to make sure that they do 
not go above 2000 ppm. 


Digestion Tanks 

Digestion takes place in the sludge 
compartment of an Imhoff tank or 
in separate sludge digesters, where 
clarifiers are used for primary sedi- 
mentation. No attempt is made to 
heat Imhoff tanks, but the sludge 
compartments are usually well below 
ground level. Separate sludge di- 
gesters are heated (either by internal 
hot water coils or by external heat 
exchangers) to maintain approxi- 
mately optimum temperature 

Generally, digester capacity of 2 to 
4 cu ft is provided per capita in 
heated tanks. More is required in un- 
heated tanks and where ground gar- 
bage is a factor in the quantity of 
sludge received. Digesters of 1 cu ft 
per capita have been built but scum 
may result with this low capacity 

Provision is made in all tanks for 
the addition of raw sludge, and the 
removal of supernatant liquor and 
digested sludge, the former from the 
upper part of the tank and the latter 
from the bottom of the tank which 
usually has a conical bottom to facili- 
tate sludge removal. 

Supernatant liquor is withdrawn 
from the digestion tanks when raw 
sludge is added; intermittent addi 
tion in rotation to tanks is 
generally practice in preference to 
continuous addition. Supernatant 
liquor should be fairly free of sus- 
pended matter. It is high in B.O.D 
and has a high chlorine demand, both 
of which vary with the solids car- 
ried. It is usually returned to the 
incoming raw sewage; it may be 
treated by aeration, elutriation, or 
settling before return 


several 


Digested sludge is drawn at inter- 
vals from the bottom of the tank and 
transferred to the next step in the 
process, dewatering. Digestion re- 
duces the amount of sludge 
by 35 to 50 per cent and the volume 
of sludge by about one-half, while 
the concentration of solids is practi- 
cally doubled. Since digestion takes 
place in two stages (gasification and 
liquefaction, and dewatering of col- 
loids), it has been found advantage- 
ous to separate the two stages into 
two tanks: i.e., two-stage digestion, 
with 65 to 75 per cent of the total 
digestion capacity in the first stage. 
Usually only the first stage is heated 
and provided with gas collection. The 


solids 


over-all capacity and cost of construc- 
tion and operation can be reduced. 


Operation Problems 


Among the problems of sludge di- 
gestion tank operations are (1) mix- 
ing raw sludge with undergoing 
active digestion (i.e., seeding), (2) 
heating, (3) scum formation, (4) 
ineffective separation of sludge and 
supernatant liquor, (5) foaming and 
(6) fine sand. 

he design of modern tanks has 
been developed to minimize all of 
these problems. For example, diges- 
tion tanks may have fixed or floating 
each has certain advantages. 
Floating covers submerge the scum 
and keep it from drying out and 
utilize recirculation of supernatant 
liquor or digested sludge to “knock 
down” the scum, and maintain good 


seeding 


covers; 


Fixed cover digesters may employ 
mixers in the covers or down draft 
mixing tubes in the center of the 
tanks to provide mixing of seed and 
raw sludge and to minimize scum 
formation. Heating is accomplished 
by coils around the tanks or by ex- 
ternal heat exchangers which provide 
heating and thorough mixing of seed 
and raw sludge and reduce scum 

The latest method for controlling 
scum formation is the recycling of 
gas from the digester into the area 
of the scum layer (the PFT-Pearth 
System) or into the sludge compart- 
ment (The Chicago Pump Co. Cata- 
lytic Reduction Process). 

Where poor supernatant liquor ex- 
ists because of lack of separation of 
sludge and liquor, the cause is usually 
due to high loadings of solids per 
unit capacity and to high gas produc- 
tion rates per sq It of surface area 
in the tank. Special devices, essen- 
tially screens, are available to aid in 
assuring that the best supernatant liq- 
uor will be selected for withdrawal 

Foaming is a condition which re- 
sults when digestion proceeds at rates 
above normal for the particular tank. 
This condition occurs when tanks are 
overloaded, or when tanks are overfed 
at low temperatures and then warmed 
up to normal operating temperatures. 
Overloading often will produce an 
excess of volatile acids which depress 
the pH to a point where digestion 
practically ceases. This is sometimes 
termed a “stuck” digester. Remedies 
consist of discontinuing feeding or 


‘ 
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-DUAL-FUEL 


ENGINES 


CUT OPERATING COSTS 


in New York sewage treatment plant 








Six Model 80 Superior Dual-Fuel Engines, operating 92% of the time on sewage 
gas, run six 1125 KVA generators to provide the sole power source for all plant 
equipment at The Department of Public Works, Owl’s Head Sewage Treatment 
Plant, New York City, having a capacity of 160 million gallons per day 


After a total of 78,000 hours running time, the New York 
maintenance crew completed the first overhaul of the six 
Superior engines. Practically no major part replacements 
were necessary! There was no noticeable wear on the 
cylinder liners, bearings or other vital parts! Since the 
engines were torn down, piston rings were replaced; but 
the old rings were still good enough to save for spares! 


Records show very low lube oil consumption and pilot 


fuel costs figure out to only 9 tenths of a mill per KWH. 
This Superior performance is cutting operating costs to a 
bare minimum at New York's Owl’s Head Plant! 
Similarly outstanding performance records are being 
established throughout the U.S.A., and most other parts 
of the world where Superior and Atlas Diesels are used 
for all kinds of power needs. For complete details on how 
Superior and Atlas power can cut operating costs for you, 
contact the nearest sales and service office listed below. 


WHITE DIESEL ENGINE DIVISION 


THE WHITE MOTOR COMPANY ©* Plant and General Offices: Springfield, Ohio 


SALES AND SERVICE POINTS: Gloucester, Mass. ® Houston, Ft. Worth, Texas © San Diego, 
Oakland, Terminal Island, California © Ketchikan, Alaska © Washington, D.C. © Portland, 
Astoria, Oregon * Casper, Wyoming * Halifax, Nova Scotia © Vancouver, B.C. © Park Rapids, 
Minnesota © New York © Chicago © Seattle © New Orleans © St. Lovis © Wichita, Kansos 
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lime to neutralize the acids. 
sand (60-100 mesh) will not 
settle out in grit chambers but will 
settle in primary sedimentation tanks. 
his settled sand will be removed with 
the sludge in the clarifiers and will be 
the digesters. Since there 
are no scraper mechanisms, the fine 
sand will collect on the sides of the 
cones in digestion tanks and gradually 
build up a hard layer which will not 
be removed with digested sludge, but 
ill reduce the tank capacity avail- 
ble for sludge digestion. Dewatering 

eaning the tank is necessary 


pumped to 


Control 
addition to relatively close con- 
f temperature, near 95° F, tests 
made to ascertain the vola- 
and alkalinity content and 
of the liquor 

ludge additions 
constant 
uniform 


should be made 
rates to assure 
nt and food supply 
he active The 
ent of the sludge should be as 
high as possible to avoid unnecessary 
eating of useless cold water 
Digested sludge withdrawals from 
he tanks should be at relatively low 
order to avoid withdrawing 
good active seed material. Where two 
digestion is practiced transfer 


atively 


bacteria. solids 


} 


rates 


Stage 
from the first to second stages should 
be at low rates and never in quanti- 
ties that deplete the seed sludge in 
the first stage. 

Observations of the character of 
the digested sludge help the operator 
» control the withdrawals. It is also 
to analyze the sludge for 
matter content to determine 
whether or not digestion is complete. 
No definite value can be assigned to 
the relation between volatile acid con- 
tent and the state of satisfactory di- 
gestion but 2000 ppm is probably the 
desired upper limit 

It has been found that there is a 
relatively stright line relationship be- 
tween the volatile matter content of 
the raw sludge and the per cent re- 
duction necessary to produce a well 
digested sludge. For example, in a 
raw sludge containing 80 per cent 
volatile matter, each 100 Ib of dry 
solids contains 80 lb of volatile mate- 
rial and 20 lb of ash. If that sludge 
is decomposed to a well digested con- 
dition the 20 Ib of ash will have asso- 
ciated with it 16 lb of volatile matter 
(i.e., it will contain 43 per cent vola- 
tile matter). Therefore the original 
volatile matter of 80 Ib has been re- 
duced to 16 lb or a reduction of 83 


hh) 
Nossibhle 


P 
volatile 


per cent. 
Likewise when a raw sludge of 55 
per cent volatile matter is digested to 
satisfactory condition, it will con- 
tain approximately 45 per cent vola- 


tile matter or a reduction of approxi- 
mately 33 per cent. A straight line can 
be drawn between these two points to 
predict the per cent reduction for 
other raw sludge of different compo- 
sition. 


Garbage Digestion 

Ground garbage may be introduced 
into the system from home 
garbage grinders, or it may be ground 
at a central location and introduced 
into the sewer system, or it may be 
ground at the sewage treatment plant 
and introduced directly into the 
sludge digester. The latter system 
produces the fewest operating prob- 
lems at a sewage plant. 

The amount of garbage contributed 
to the system is approximately 0.5 Ib 
Of this approxi 


sewer 


per person per day 
mately 75 per cent is moisture. The 
dry solids, contain from 85 to 90 pet 
cent volatile matter. When ground 
garbage is introduced into the sew 
ers, there is an increase in grit re 
moved in the grit chambers, and an 
increase in suspended solids and 
B.O.D. load on the plant. 

Garbage solids digest 
careful control of loadings is neces 
sary to prevent volatile acid develop- 
ment. Combinations of garbage and 
sewage solids on a 1 to 1 ratio of 
volatile matter content can be easily 
handled. Gas production is increased 
as is the methane content of the gas. 


well, but 


Gas Production and Composition 

The quantity and composition of 
the gas and the dissolved products 
can be mathematically predicted if 
one knows the composition of the 
organic matter undergoing digestion 
(i.e., the carbon, hydrogen, oxygen, 
nitrogen, phosphorus, sulfur content 
of the organic matter). Under normal 
conditions of operation the gas pro- 
duced from sewage sludge contains 
50 to 55 per cent CO, and 60 to 65 
per cent CHy,, less than 1 per cent 
hydrogen and hydrogen sulfide com- 
bined and 2 to 5 per cent nitrogen 
(from dissolved air in raw sludge) ; 
it has a heat value of approximately 
600 to 650 Btu. per cu ft. About 1 cu ft 
of gas is produced per capita per day 

Under optimum conditions of tem- 
perature (85 to 90 deg. F.) and pH 
(6.8 to 7.4), about 50 per cent of the 
gas produced will be given off in 24 
hours, with the other 50 per cent 
evolved over the next 20 to 50 days 
(about 90 per cent in one week). Rate 
of gas production per dav varies di- 
rectly with temperature of the di- 
gesting mass 
Gas Utilization 

Provision is generally made for col- 
lecting and utilizing the gases pro- 
duce. Limited amounts of gas may be 
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stored under either floating or fixed 
covers. Larger quantities may be 
stored in spherical pressure holders 
or gasometers. 

Gas produced by slude digestion 
are quite usable for several purposes, 
principally for heating plant buildings, 
for heating sludge digestion tanks, 
for burning dried sludge, for internal 
combustion engines to produce power 
and for laboratory uses. 

When used for heating buildings 
the gases are burned in a furnace 
equipped with dual burners to per- 
mit the use of oil when gas production 
is low. Dual burners are also required 
in furnaces for drying sludge and in 
external heat exchangers for heating 
slud tanks. Heat ex 
changers can operate directly from 
combustion of fuel or can be adapted 
for use where utilized as a 
source of power for gas engine opera 


digestion 


ge 


gas 1s 


this case, engine jacket heat 
can be dissipated by 
through the water bath of the heater 


tion. In 
circulation 


One of the most profitable uses of 


sludge digester gas is to operate in 


ternal combustion engines for powet1 
production or to operate blowers in 
activated sludge plants, or to operate 
pumps. For normal gas production of 
approximately 1 cu ft per capita pet 
day (650 Btu per cu ft), it is calculated 
that 2.5 hp per hr can be produced 
for each 1000 persons in gas engines 
designed tor sludge gas. In dual fuel 
engines operating on the diesel cycle, 
gas consumption is approximately 1] 
cu ft total Btu 
input as pilot oil for each bhp, com 
pared with 15 to 15.5 cu ft of sludge 
gas per bhp per hr in the four cycle 
otto engine. Thus with dual fuel en 
¥5 bhp per hr can be produced 


(with 5 percent of 


gines, 
from the 
population of approximately 
persons. If garbage is digested this 
is approximately doubled 


daily gas production of a 
650 


value 
If the gas contains much hydrogen 
sulfide, it must be scrubbed or the cor 
rosive action will be objectionable. The 
H.S content should not exceed 0.07 
per cent by volume or 50 grains per 
100 cu ft. Hydrogen sulfide is re 
moved in scrubber containing finely 
divided iron oxide in wood shavings 
Gas engines for use on sludge gas 
may be obtained in sizes from 15 to 
1800 hp. They may be connected to 
generators, air blowers, or sewage 
pumps through gearing. Hundreds of 
these engines are now in use in sewage 
plants. The dollar savings from the 
use of gas engines is appreciable. In 
one city of 30,000 population where 
diffused air aeration is used in the ac 
tivated sludge process, the yearly 
“earnings” of gas engines was nearl\ 
$8000. 
1956 
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RABLI mechanical 
lly involved in 


nent is usua 
separate sludge digestion sys- 
the more important 
consideration are, 
gasometer-type cov- 
covers, heating sys- 
removal, recirculation 
collection, supernatant 
nd scum control 


Floating Covers 


R. Downs. Superintendent of 
Meeting Sewage Treatment 

it Plainfield, N. J., is credited 
design of the first floating 

or a separate sludge digestion 

tank in the United States. The simple 
wooden cover designed by him has 
been developed by the Pacific Flush 
lank Co. into a modern mechanism 
of steel with guides, controls, 
upernatant selectors, pressure and 
vacuum reliet valves, gas domes, man- 
les, sampling hatches, level indi 
rs and other appurtenances. The 
floating cover patents have 

: ind other companies new 
ymipete tor the floating cover busi 
ss. This relatively new competitive 
ndition places a responsibility on 
e engineer to draw up plans and 
ns which will assure truly 

bidding and that his client 
equipment which will 


lirements tor service and 


Sludge Digesters 
nt is important part of separate sludge digestion systems 


by FRANK L. FLOOD 


aif & Eddy, Cons. Enars., Boston, Mass. 


been applied to the air space between 
the ceiling plate and roof in order to 


engineer is also responsible 
heat the top of the digestion tank™). 


r weighing the costs and compara- 
tive advantages and disadvantages of 
ns ” - Gasometer Type Covers 

the floating covers with gasometer 
nd fixed covers of various types and lhe gasometer type 


S been extensively used 


yf cover has 
yy the Dorr 
Co. in the secondary tank of its so- 
called Multi-digest system. It is also 
quite commonly used where engineers 
desire a relatively small volume of gas 


( 

here has been some experience 
with tilting of covers with resultant 
jamming and some damage to the 
equipment. Guides and extended roll- 


} 


have heen used it me instances ‘tOTagt and find it convenient to pro- 
s have 1 1 us 1 sO st: 


vide this at a digestion tank, or a 
sludge storage tank, rather than in 
a separate holder. The depth of gas 
storage under the gasometer cover 
is usually on the order of 2 to 6 ft. 
or more. The Dorr Co. has used a 
center column and Pacific Flush 
Tank Co. has used a spiral guide, to 
’ prevent tilting of the gasometer 
rhe natural weight of the floating over. 
cover may not provide the desired gas 
pressure. In some instances weight Fixed Steel Cover 
has been added to the cover to in- 
crease the gas pressure 


for the purpose of controlling tilting. 

Under certain conditions floating 
covers have been known to freeze in 
a fixed position for several weeks at a 
time. Heat has been applied to the 
annular ring between the cover and 
the tank walls to correct this condi- 
tion 


The Dorr Co. has commonly used 
a fixed-steel cover on the roofs of 
rhe floating covers ride on the primary digestion tanks in its Multi- 
liquid surface or scum. Provision digest system. Competitive bids be- 
should be made to prevent the rapid tween fixed steel domes and fixed 
loss of heat through the cover. This concrete roofs for the large digestion 
can normally be accomplished by tanks at the Los Angeles Hyperion 
covering the roof over the ceiling Plant in 1948, favored concrete dome 
plate with corkboard, foam glass or roofs. 
other insulating material. The insulat f 
ing material should be protected by Heating Systems 


rooting. In some instances heat has For about 20 years prior to 1947, 














Separate sludge digesters with P.F.T. Floating Covers—Buffalo, N. Y. 
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the majority of digestion tanks were 
heated by means of hot water circu- 
lated in coils within the tanks. These 
installations if designed with ample 
area and operated at relatively low 
temperature of hot water, if cot 
structed of suitable materials and 
joints, if adequately supported and if 
not seriously affected by electrolytic 
satisfactory 
in the 
operation 


action, have given very 
service. There are enough “ifs” 
design, construction, and 
of those heating coils so that failures 
have been recorded 

Recently the 
from the use of hot water coils 
inside the tanks 
heat exchangers outside the tanks. 
This has been promoted in part by 
the sales efforts of the manufacturers, 
particularly at first by the Pacific 
Flush Tank Co. and more recently 
by Walker Process Equipment Co., 
the Dorr Co., and others. The sepa- 
rate heat exchangers are usually de 
signed to heat the raw sludge being 
admitted to the tank or liquor cir- 
culated from the tank. In the latter 
case, the heated recirculated liquor 
may be added to the raw sludge for 
rapid conditioning. 

Direct contact combustion heaters 
have been installed in the digestion 


tendency has been 
away 


towards enclosed 
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Dorr Co. Multidigestion System at Carmel, Calif. 


tanks at Baltimore‘? and at Phila- 
delphia‘*’ and the control of tempera 
ture in digestion tanks with live steam 


Rawn'"*?, 


has been described by 

The tanks at the 
\ngeles Hyperion plant are heated 
by means of steam admitted into the 
flow tube below the impellers of Dorr 
mixers. The steam is reclaimed from 
the vapor phase system at the dual 
fuel gas diesel engines. Where direct 


digestion Los 

















P.F.T. Hot Water Type Heater and Heat Exchanger—Stockton, Calif. 


used, the water 
should be treated as required to pre- 
vent operating difficulties at the steam 
boilers. 

Infileo, Inc. has developed a so- 
called “Verti-Flo” impeller for instal 
lation in the scum zone of digestion 
tanks. Heating coils are installed at 
the mixer in a vertical bank which 
can be withdrawn through a manhole 
in the roof. 


steam heating is 


Scum Control 


Possibly the greatest single diffi- 
culty experienced with the operation 
of sludge digestion tanks has been in 
accumulation of masses of relatively 
inert scum which renders ineffective 
a substantial proportion of the tank 
capacity, clog supernatant and over- 
flow pipes, and create numerous oper- 
ating problems. It appears that if the 
scum is kept well mixed with warm 
tank liquors, the ma- 

continue to digest and for 
settle to the bottom 
lubricated 
by tank liquors, excess accumulations 
with 
through piping connections in 
the upper portions of the tank. 


Several 


scum torming 
terials will 
the most 
with the 


part 
sludg: If well 


materials can be 


ot floating 


drawt 
schemes have been devel 
oped designed to meet the scum prob 
lem. A few will be briefly described. 
In tanks equipped with floating 
covers, the Pacific Flush Tank Co. 
recommends the installation of a cir 
system designed to produce 


] 


ow and 


culation 


mixing action at the center 
In theory, 
rthe float 
and outside the limits of 
vill flow into the 
treatment 


tank in the gas dome 


accumulating unde 


center 


Co. recommends the tn 
f propeller mixers installed 


sculh zone below the roofs of 


roof tanks. These are designed 


ix the scum with the underlving 
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equipment and methods 


for modern waste treatment 


Cities and industries of all sizes have used PFT equipment 
effective 1893 


since " 
Whether extending capacities, converting to newer methods 


ind processes for waste treatment 
or installing new systems. PFT equipment is economically 


adaptable to existing structures. Suitable to all current waste 


Covers An integral part of “controlled” digestion, 
ating Covers provide positive scum submergence and 
sale 


fixed levels need be 


tilization of gas. Operations are simplified because no 


maintained. Covers simply rise or lower 
dditions and withdrawals 


tank 


sized covers furnished on request 


wit] Available in different shapes 
Complete data on 
Submit the total 


ter volume required and number of digesters contemplated. 


and sizes for 


prope 


Various requirements 


Prefabricated Metal Roofing 


ur distinct advantages over conventional wood types: 


This type ot roofing pro- 
vide - 
(1) lenger life, (2) more efficient insulation, (3) fewer main- 
tenance problems, (4) easier assembly and installation. Each 
prefabricated section is designed for close fitting in the field 


with a 3” lap of top metal covering at all joints 
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treatment systems, PFT equipment ranges from the smallest 
siphon to the largest municipal installations. PFT stands 
squarely behind its products and provides expert field 
service as long as its equipment remains in use. 


Digester Heaters and Heat Exchangers —F£xternal heaters 
for digestion tanks allow complete accessibility in a compact 
unit of high thermal efficiency. Raw sludge or a mixture of raw 
and recirculated digester contents is heated as it passes through 
the unit. With external heating, the problems of heating coils 
within the tanks (caking, corrosion) are avoided. Cleaning and 
maintenance are simplified. Detailed drawings and estimated 
digester heating loads furnished on request. Submit the number 
of digesters, tank capacities and quantity of raw sludge. 


Gas Safety Equipment —A number of devices, each designed 
to perform its function in a gas utilization system with the 
greatest possible protection against explosive or burning mix- 
tures of sludge gas and air: flame traps, pressure reliefs, 
pressure reliefs combined with flame traps, flame cells, waste 
gas burners, drip taps, accumulators and manometers. 





Kraus Interchange Process—A process of aerating waste 

activated sludge, utilizing the digester supernatant liquor to 

produce highly nitrified solids that: (1) During normal loads, 

produce sludge that settles more readily to provide greater : "| | Councanatant), 
purification. (2) During peak loads, provide a reserve of high- 1 

ly nitrified active solids which balance the increased load 

“controlled” activated sludge process. 


of organic matter. A truly 


Kraus Distributed Air Process—A new method of iniro- 
ducing air into aeration tanks. Combined with the Kraus Inter- 
change Process, it provides: (1) Greater Stability of activated 
sludg 
(3) More efficient use of aeration tank capacity, (4) Lowered 


e treatment, (2) More efficient treatment of shock loads, 


power requirements for air. 


Pearth Gas Recirculation System—An effective method of 
increasing dispersion and digestion of scum, allowing full 
effective use of total digester volume at all times. Designed 
as an integral part of the PFT Floating Cover, the Pearth 
system breaks up the scum and releases entrained gas by re- 
circulating digester gas and discharging below the scum level. 
Complete data on the Pearth Gas system on request. Submit 
digester volume, diameter and number of digestion tanks. 


Digester Accessories—The 
PFT Supernatant Selector, Gauge, 
Sight Glass and Sampler units 
provide automatic withdrawal of 
the best digester liquor at a slow, 
continuous rate. The PFT Cover 
Position Indicator reflects the 
slightest Floating Cover move- 
ment on a large dial in the Con- 
trol Room, showing digester 
liquid level at a glance. 


Rotary Distributors—Soundly engineered and ruggedly con- 
structed, PFT Distributors provide even distribution of settled 
sewage over the surface of a trickling filter. Specially designed 
spreader jets reduce clogging and are easily cleaned. For hy- 


treatment equipment 
exciusively since 1893 
draulic design of equipment, submit diameter of filter bed, 
total head available, maximum and minimum flows desired. 





Illustrated Bulletins—Detailed information on PFT 

equipment is available in a series of technical bulletins, fully 

illustrated with photographs and diagrams. Please specify 

the equipment in which you are interested. Address all in- 

quiries to Dept. RD, Pacific Flush Tank Company. 

Technical Studies Available—The following studies are available without | PACIFIC FLUSH TANK CO. 
charge: “A Rugged Activated Sludge Process”, by L. S. Kraus; “Scum Control 424\ Ravenswood Avenue 

in Sludge Digestion’, by R. E. Fuhrman: “What You Should Know About Chicaco 13. Illinois 

Sludge Digestion”, by H. E. Schlenz; “Controlled Humus Production”, by 


L. L. Langford. 


Rianennee — 


N JACKSONVILLE . DENVER 





CHARLOTTE, 


f RT 


W.—REFERENCE & Data— 1956 





Walker Process Equip. Co. Heat Exchanger 


ivorable 
ith this equi 


Units of this tvpe 


nstalled in the digestion 
T 


LOS 


Hyperion Plant in 


ere particular types of 


to the 


heavy VY sculli tllasses 


conducive 


vastes 
very I 
encountered, this company 
nmended mechanical mixers 
revolving stirring arms 
passing between teeth sus 
e roof. Similar equip 
Hardinge Co 
and Infilco, Inc 


roof tanks, the 


fixed 
pe nded 
ment is supplied by 
Yeomat ) 0., 
For fixed 
author has recommended the circu- 
lation of liquor at relatively high 
rates, the liquor being drawn from 
beneath the scum zone and discharged 
ove the normal liquid or scum 
nozzles are 
quarter 


ircular 


Four discharge 


located at about 

plan and inclined at about 
lirected so as to cause a circu- 
scum and to 
under the 


latory motion in the 
bring scum not directly 
nozzles into the active turbulent mix 
1956 
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An installation of this type 
50 ft. 
has 


ing areas 
on a digestion tank, 
in diameter, at Bristol, 
proven very effective in quickly elimi- 
scum which 


primary 
Conn., 
heavy 


nating a mass ol 


formed during the early weeks of 
operation before the circulating liquor 
discharged through the scum 
nozzles above the liquor level. After 
this heavy scum eliminated, it 
has been found practical to restrict 
scum accumulation to a relatively thin 


soft layer by operating the recircula- 


Was 


was 


tion system a few hours each day 
For square or rectangular tanks, 

the Link-Belt scum 

which consists of a number 


Co. makes a 
breaker 
of paddles attached to a pair of end- 
less chains moving through the scum 
ata speed of about 1 fpm Che return 
flight is through the mid depth of the 
tank 


Sludge Removal Mechanisms 


In the earlier designs, digestion 
tanks were equipped with sludge re- 
moval mechanisms similar to those 


provided for circular and rectangular 


sedimentation tanks. The operation 
and maintenance of this equipment 
proved to be difficult and expensive. 
Recently circular tanks have’ been 
provided with inverted conical bot- 
toms to promote the withdrawal of 
sludge without the aid of mechanical 
equipment. Relatively few rectangular 
digestion tanks have been built or 
proposed during the recent years. 


Supernatant Withdrawal 


Normally as raw sludge digests 
there is a separation of relatively 
dilute liquor from the concentrated 
sludge or scum. This dilute liquor 
usually collects over the bottom sludge 
and under the scum layer. In the 
majority of plants multiple pipe con- 
nections are made to the tanks in the 
zone where dilute liquor is most apt 
to collect and provision is made for 
supernatant withdrawal by selection 
after sampling to determine where 
the clearest liquor may be obtained. 

The new tanks at the Hyperion 
plant in Los Angeles are equipped 
with a swivelled supernatant with- 
drawal pipe operated by means of a 
cable and winch rigging. The cable 
passes through the tank roof by 
means of a Varec fitting designed for 
a 12-in. water seal. 

The Pacific Flush Tank Co. advo- 
cates the use of its “Supernatant 
Selector.” This consists of a slotted 
tubular device mounted vertically at 
the central portion of the digester 
and extending throughout the portion 
of the depth from which supernatant 
in normally withdrawn. The tube is 
made with slots that are intended to 
be sufficiently narrow to hold back 
liquid containing large amounts of 
suspended and to pass the 
clearer liquid for withdrawal from 
the tank. Provision is recommended 
for back-flushing as needed to clear 
the slots 


solids 


Gas Domes 

In some early designs of digestion 
tanks, gas was withdrawn from a low, 
small dome, not much more than a 
manhole cover, in the not far 
above the sludge level. Experience 
soon indicated the need for larger 
and taller domes as under high rates 
of gas production there was at times 
sufficient disturbance of the liquid 
surface under the dome to carry mois- 
ture and particles of sludge and scum 
into the gas system. With domed 
roofs, the clearance between the liquid 
level and dome at the center of the 
tank is usually sufficient to minimize 
the requirements for a separate gas 
dome. For flat concrete roofs and 
floating covers, more elaborate gas 
domes should be provided 


ro of 
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CATALYTIC 
REDUCTION 
PROCESS 


Reports Available 


Reports describing the PROCESS in 
detail are available on request. 
Write to Department F. 


PERMITS SMALLER 
TANKS... 


through 
exclusively highest 
solids loading for 


sludge digestion 


RESULTING IN: 


Smaller tanks 


1/3 to 1/7 of former digester volume for 
biological requirements of sludge digestion” 
(Contrasted to actual reqitirements of former 
methods of digestion ). 


Non-formation of dense floating solids, termed 
“seum™, eliminating former pro-ration of 
digester volumes for holding “scum”. 


Consistently highest degree of volatile solids 
reduction and gas production — through 
fundamental application of a simple gas diffusion 
mechanism — with lowest tank volume and 
simplified piping, without inerease in operation 
supervision requirements. 

*Exclusive.of sludge storage volume that may be 

required by subsequent disposal methods. 
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Disposal Plant. 


Chicago-Wiggins 


PONTOON COVERS . DIGESTER COVERS 


Always float on liquid— never on gas 


and HOLDERS 


Improved digestion 
gained through 
non-tipping cover 
construction 


LODEK COVERS 
Lowest first cost for 75 ft. to 150 ft. diameters. Maximum gas pressure 


and positive scum 
submergence achieved 


MORE THAN 50 INSTALLATIONS 
IN MAJOR CITIES 


WET GAS HOLDERS 
Self balancing with a positive seal. Economical in first 


cost and in maintenance. 
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The Chicago Selas system may be — 
mounted on top of the digester to ~ -~ 
cut installation costs. Cut-away ; 


7~ 
shows simplicity of system with . ¥ 
only diffuser for hot gases extend- ih / 
ing into the sludge. eae th a) 


Compact Control! Panel for the 
Chicago-Selas Sludge Heater. . } P Y= 
— 
- 


” fing 4a 


- 








Chicago-Selas HEAT TRANSFER SYSTEMS 


MAXIMUM EFFICIENCY—QOne pass through the small heat transfer tank 
boosts sludge temperature 10 to 20 degrees F. Approximately 90° of heat 


available in the digester gas is transferred directly to the sludge. 


LOW COST INSTALLATION Heater and transfer tank may be located at 


digester, requiring minimum piping and valves. 


NO HIGH COST OIL STAND-BY EQUIPMENT— Operates efficiently on na- 
tionally available manufactured gas if necessary. A single control valve is 
the only stand-by equipment required. Low gas consumption makes Chicago- 
Selas system ideal for medium sized plants with limited gas production. 


UNIFORM HEATING Avitating action of heated gases expelled into transfer 


tank assures complete heating of all sludge. 


MINIMUM MAINTENANCE Heat is distributed without mechanical equip- 


ment in the tank. No sludge tubes to cake—no cleaning. 


PRECISE TEMPERATURE CONTROL-—All gas control and safety equipment is 


approved by Associate Factory Mutual Fire Insurance Companies. 
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Dorr Co. Counter Current Flow Type Spiral Heat Exchanger 


Pressure and Vacuum Relief 
Sludge digestion tanks, ragardless 
the tv 


rr pressure 


pe of roof, require provision 
and vacuum relief. Un- 
within a tank may be 

| by sludge inlet pumps operat 
1 time when all outlets to the 
re closed or clogged. A vacuum 
reated by the withdrawal of 

at a greater rate than sludge 
nitted or 


ue pressure 
t 


sludge is being 
signs of pressure and vacu 
relied on a 
or water proved some- 


ices which 
some because of evapor- 

“blowouts” or other 
overy Corp., Paciti 

ind others have de 
permit gas to 
the tank if the pressure 
predetermined level or 
the tank if there 


torm 
f] 


es whic h 


enter 


tor vacuum to 


ire equipped with 
flame 
into the tank when the 


ame 
prevent a from 
se Teature 1s operating 
tention must be given to 
ind operation of these 
ne type of valve, 
heen experienced due to 
condensation in 


render the valve nope! 


some 
such a 
cold weather 


ype of valve, the protec 
upon the re 


sey erely 


cde pends 
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placement of oil which may evaporate 
or be accidentally displaced. 
Normally the floating cover is not 
subject to vacuum. However, in the 
event sludge is withdrawn while the 
cover is resting on the landing ledge, 
a sufficient vacuum can be created, 
unless a vacuum relief valve is pro- 
vided, to cause serious structural dam- 


age to the cover. 


Generali Comment 


Particular attention should be 
given to the protection of structural 
steel members, cables, and other met- 
al parts immersed in sludge digestion 
tanks from the corrosive effects of 
sewage sludge and possibly also from 
galvanic or electrolytic action. The 
difficulties encountered in the latter 
respect in a sludge digestion tank at 
the Terminal Island plant in Los 
Angeles described by 
Parkes‘® 

Oil and grease lubricated bearings 
should not be 
tanks. It is preferable to support rota 
ting equipment from the structural 
root using thrust bearings 


~ 


have been 


used inside of digestion 


Piping should be designed of gener- 
Maximum rates of gas pro- 
times the 
provided 
for. Undersized sludge inlet and with 


drawal piping has led to serious diffi 


ous size 
] 
several 


average rate and should be 


duction may be 


culties in a number of instances. 
For the most part, the equipment 


With front door open) 
installed within digestion tanks prior 
to World War II has not proven very 
satisfactory. The work of cleaning out 
a digestion tank and the making of 
repairs on mechanical equipment in- 
stalled therein is laborious and dis- 
tasteful to the operators. In many 
small plants with only one or two 
tanks, the withdrawal of one tank 
from operation to make repairs may 
necessitate by-passing a portion, if 
not all the sewage flow, during the 
repair period. 

It is hoped that the newer devel- 
opments will prove longer lasting and 
more effective than some of the 
earlier. 
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The filter with the proved 


permanent type filter media . 
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Permanent type filtering media, consisting of a series of stainless 
steel helically coiled springs, made endless by joining the two 
ends of each spring with a threaded plug—mechanically rugged, 
corrosion resistant—has a useful life of many years. 


Original, proved Coilfilter design provides automatic and thor- 
ough cleaning of filter media after discharge of filter cake and 
before entering the vat, without removal from the drum. 





Since the filter media is completely cleaned after each dewatering 
cycle, there is no progressive clogging. Consequently uniform 
production of filter cake is maintained, without the necessity of 
costly controls. 


Rugged, non-corrosive alloy steel construction, external easy-to- 
reach piping, simple operation, lower chemical requirements for 
sludge which must be chemically conditioned. Low labor costs— 
negligible maintenance—as indicated by performance record of 
machines in operation since 1949. 





Two 200 sq. ft. Coilfilters at Darby, 
Penna. Engineers: Damon & Foster. 

















Two of the three 100 sq. ft. Coilfilters 
at Bucklin Point, R.1. Engineers: Metcalf 
& Eddy. 


COILFILTER PERFORMANCE 


The Coilfilter is the most successful of modern sludge 
vacuum filters. Its outstanding performance is being 
demonstrated in day-by-day plant operation, dewater- 
ing many different types of sludge. 

Filter cake production is greater than from any 
other type of sludge dewatering equipment. Sudden 
changes of sludge-characteristics do not upset Coilfilter 
operation. Chemical conditioning is far less critical than 
with other types of vacuum filters. Output is uniform 
because the filter will not clog or blind. Standby filters 
are not necessary, since the equipment does not have 
to be taken out of operation for cover changing or 
replacement. 


FRESH SLUDGE DEWATERING 


Because the Coilfilter dewaters fresh sludge directly, at 
high filter rates and with low chemical conditioning 
requirements, basic plant design and subsequent opera- 
tion can be simplified, resulting in economies both in 
initial costs and operating expenses. The application 
of lime and ferric salt effectively deodorizes and stabi- 
lizes the fresh sludge and filter cake. Digesters are 
expensive to build, and often present operating diffi- 
culties which adversely affect the rest of the plant. 
Many engineers now prefer to eliminate the digestion 
stage, and dewater on Coilfilters the fresh sludge from 
either primary or complete treatment plants. The Coil- 
filter has made this economically feasible, since spare 
filters are unnecessary. 


85 sq. ft. Coilfilter at Perryville, Mo. 
Engineers: Russell & Axon. 


COILFILTER ECONOMY 


The proved economy of Coilfilter installation and opera- 
tion is the principal factor in the outstanding acceptance 
of this equipment. 

1. Low Initial Cost. Single units in compact, one 
story buildings make for more attractive 
workable installations at minimum capital 
expenditure. 

. Rugged Construction. Has resulted in a phenom- 
enal low record of parts replacement for the 
Coilfilter. Cross-section of wire used in filter 
media is .063” x .089". Spring diameter is .410”. 

. Low Chemical Cost. Lower-than-optimum chemi- 
cal dosages are often used in order to minimize 
operating costs. This is possible only with the 
Coilfilter, since the filter media does not blind. 

. Low Labor Cost. Operator's full time is not re- 
quired while equipment is in operation. Easy 
maintenance — all piping is external. 











INSTALLATION 


Every Komline-Sanderson Coilfilter installation receives 
individual, careful attention from our Engineers, both in 
the office and in the field. We have developed, and are 
continuing to develop and improve much of the avuxil- 
iary equipment used in Coilfilter installations. In order 
to assume complete responsibility for the proper per- 
formance of the complete sludge dewatering installa- 
tion, it is our policy to furnish all necessary equipment: 
1. Coilfilter 

. Vacuum and Filtrate Equipment 

. Conditioning Tank 

. Wet Sludge Mendling Equipment 

. Conditioning Chemical Feeders, Pumps and 
Tanks 


. Cake Handling Equipment 


Our Engineering staff is ready to submit preliminary 
performance data invoiving the use of Coilfilters in your 
plant, upon receipt of the following information: 
1. Type of treatment plant 
2. Whether sludge is to be digested 
3. Design data, flow and suspended solids or 
populaticn equivalent 
. Number of hours of filter operation per week 
desired 
We maintain laboratory facilities at our headquarters 
in Peapack, New Jersey, as an integral part of our 
services to our clients. 


OTHER KOMLINE-SANDERSON 
PRODUCTS 


Sludge and Slurry Pumps 
Pioneer Micronic Filters 
Production Weldments 





WARRANTY 


COILFILTER STANDARD SIZES 





The Coilfilter is unconditionally guor 


SIZE 


anteed to work satisfactorily and fil 


AREA 


SQ. FT. SIZE 





ter continuously, without clogging or 
blinding, provided that the sludge is 
conditioned to the following labora 
tory requirements: Utilizing a No. 2A **7' dia. 
Buechner funnel and working with 
100 CC sample, the sludge is to de 
water to a cake of “% inch minimum 8' dia. 
8° dia. 


8' dia. 


thickness in 100 seconds. Manufacturer 
warrants all equipment and parts for 
one year, and shall maintain the filter 
media without charge for a period of 


10 years after shipment if the filter unit 





is operated 40 hours per week, or its 


*6 dia. x 2'8" face 
x 4’ face 
**8' dia. x 4 face 
x 5’ face 
x 6 face 
x 8 face 


10° dia. x 6'4" face 


50 

85 
100 
125 
150 
200 
200 


10° dia. x 8' face 

10° dia. x 10° face 
10° dia. x 12’ face 
11°6” 
11°6" 
116" 
116" 


dia. x 10° face 
dia. x 12’ face 
dia. x 14° face 


dia. x 16’ face 

















adjusted equivalent 
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ISPOSAL of the sludge result- 

ing from the treatment of sewage 
has always been a problem for the 
plant operator. In a study of Florida 
sewage plants? it shown that 
sludge disposal is the concern of more 
than 50 per cent of the treatment plant 
personnel, regardless of their titles 
or the type of treatment provided 


was 


Sewage sludge is disposed of in 
many ways. Depending upon local 
conditions it may be dried, burned, or 
removed as a liquid. No matter what 
the method of ultimate disposal may 
be, the operator’s prime concern 1s 
how small a volume can be produced ; 
the smaller the volume, the lower is 
the cost of disposal. And what city 
official would not look with favor 
upon lower costs, especially for sew- 
age treatment 

To reduce the volume of sludge 
many devices are employed, depend- 
ing upon whether the final product 1s 
to be disposed of liquid or dry. (one 
of the devices used to produce a dry 
sludge is vacuum filtration. This 
method was extremely popular from 
about 1932 to 1942 and many plants 
still use this means of producing a 
relatively dry sludge for final disposal. 

In most of the installations, some 
form of pretreatment of the sludge is 
required. Chemicals, such as ferric 
chloride, are often added to the liquid 
sludge, mixed, and then the “condi 
tioned” sludge is applied to the filter. 
[hese chemicals are added to produce 
a filtered sludge cake containing less 
water (more solids) and therefore 
occupying a small volume. 

Because the cost of the chemicals 
is always an additional cost of treat- 
ment—and in many cases a high cost 
—researchers sought ways to improve 
the efficiency and thus reduce the cost 
of this method of sludge treatment. 








Sludge Elutriation 


by THEODORE JAFFE 


Out of this research 


elutriation. 


What Elutriation Is 

Sludge elutriation is a process of 
adding water or plant effluent to the 
sludge, mixing thoroughly, allowing 
the sludge to settle and the liquid to 
rise. two portions are then 
drawn off for further disposal. 


Chese 
There are many mechanical and 
theoretical features involved, but the 
basic process is the same. By adding 
various volumes of water (or plant 
effluent ) two results are accomplished. 
First, a sludge requiring less chem- 
icals for conditioning is obtained and, 
second, a more compact sludge with a 
higher percentage of solids is pro- 
duced. 

Why does the elutriated sludge re- 
quire less chemicals? Suppose we as- 
sume that an operator is using ferric 
chloride as the conditioner. He uses a 
chemical to ‘‘condition” the sludge for 
filtration. This means that the filter 
will do a better job—produce a more 
compact sludge cake—as a result of 
adding the conditioner. 

The operator knows that in sewage 
there are colloidal particles and that 
they are negatively charged, for the 
most part. He knows, further, that if 
the charges on these particles are 
neutralized, the particles will tend to 
flocculate and then settle out. Since 
they are negatively charged and since 
ferric chloride in solution breaks 
down to something called a ferric ion, 
each of which has three positive 
charges, a ferric salt should settle out 
a large amount of these negative col- 
loids. When the colloids are neutral- 
ized it is found that the sludge will 
compact more readily and lose some 
of the water bound by the colloidal 
structure of the sludge. 


Knowing this much theory, the op- 
erator tries it on his sludge. He adds 
ferric chloride, mixes it with the 
sludge and sends it to the filter. No 
doubt the solids in the cake will im- 
prove very little. He adds more chem- 
ical and still more, each time getting 
a slight improvement. The cost of 
these chemicals, however, soon gets 
out of proportion to the amount of 
improvement derived. It appears that 
sludge is tying up 
the conditioner. 


something in the 
large amounts of 

Chat 
a large amount of the chemical condi- 
tioner is not available for its intended 
job. This is a costly procedure. What 
is happening, and what can be done 
about it: 


is exactly what takes place; 


Quite a few years ago this problem 
was investigated by many 
One of these was A. L. Genter, who 
eventually worked out a patented 
process of sludge elutriation. Before 
he obtained the patent, he did a large 
amount of work and able to 
show? that this coagulant demand was 
normally 


persons. 


was 


due to certain substances 
found in sludges and sludge liquors, 
and that these substances were com- 


pounds of ammonia resulting from 

biological decomposition 

that when 
titratable 


Further, he showed 
water of low 
alkalinity, not pH) was washed 
through the these ammonia 
compounds would come off with the 
water and the resulting sludge had a 
very much smaller coagulant demand. 
Since the conditioner-grabbing sub- 
stances were water soluble, the more 
you wash a sludge, the greater should 
be the savings in coagulant. This is 
true up to a certain point, beyond 
which the savings of chemicals be- 
comes out of balance with the amounts 
of water required. 


alkalinity 


2 
sludge, 
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lally, plant effluent has been 
water, 


Che 


since these 


successfully in place of 
ded its alkalinity were low 
linity needs to be low 
1¢ al 


ds are more soluble in this type 


grabbing ammonia com- 
sh water. In dissolving they in- 
the alkalinity 
washing out process, then, is 
What does it do’ As pre- 
shown, it decreases the 
of chemical conditioner re- 
for vacuum filtration. Many 
using elutriation report a more 
filtration of the sludge Sludge 
ion alone, without the use of 


als, has been shown to 


settling, 


pro- 


’ 
etter more 


ynpact 


Methods of Elutriation 


Me < han ally, 
re loregoing 


several variations of 


process are possible. 
either on 


ontinuous 


he elutriation can be done 
‘batch” basis, or a 
arrangement 

the batch 


required 


process it least two 
The sludge is run 
first tank, the wash water is 
and the thor- 
mixed. The mixture is allowed 
then the separated 
are drawn off as sludge and 
While the sludge is settling, 
d tank is filled, the water 
settled. By this 
to repeat 


tal are 
ite the 
ulded contents are 
oh] 


ite and 


ixed, and 
rst tank is read 
process with a new charge 


lge (see Figure | 
continuous flow arrangement, 


tire process occurs in a single 


the same manner as sedi 
ion takes place in a primary or 
lary tank. There for 
one for the water, a zone 
followed by a 
\gain the end 
a more compact sludge 
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ished sludge the fresh 
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Fig. |\—BATCH process elutriation, using tanks alternately 


Elutriation is a practical, workable 
aid in the sludge disposal problem. 
It has been used in many treatment 
plants throughout the country. Just as 
sewage treatment situation, 
an economic balance must be main- 
tained between the benefits obtained 
and the cost of these benefits. Phelps* 
has said, ‘“The capital and operating 
costs of auxiliary devices 
(sludge elutriation ) must be balanced 
against the savings in chemical condi- 
tioning. The return of elutriation 
water to the influent of the plant adds 
to the B.O.D. and solids loads and 
may further complicate the treatment 
of the his statement im- 
plies a caution for the treatment 

well as the 
words, elutriation 
integral part of 
something 


In every 


these 


sewage.’ 


works designer as 
erator. In other 

must be a planned, 
the plant, and not 
stuck in on the spur of the moment 


Op- 


just 


Factors in Good Practice 


Before investigating actual plant 
results, several of the factors involved 
in good elutriation practice should be 
discussed. Elutriation has been tried 
on fresh raw sludge, old raw sludge, 
and digested sludge. These have beet 


composed of primary sedimentatior 


Used Wash 


sludge alone, mixtures of primary and 
excess activated sludge, and activated 
sludge alone. 

Genter? has shown that due to the 
digestion process the amounts of am- 
monia and related amino compounds 
(these are the coagulant-grabbing 
substances) are greater in digested 
sludge than in raw fresh sludge. Since 
this is so, the relative values of elutri- 
ation can be tabulated as follows: 


Coagulant Value of 
[ype of Sludge Demand Elutriation 
Least Greatest 


More 
Most 


Fresh raw sludge 
Old raw sludge Less 
Digested sludge Least 

Che liquid used for elutriation is 
important. The lower the wash water 
is in alkalinity, the more effective it 
will be. A value of 100 ppm alkalinity 
or less is desirable. 

Early experimenters and plant op- 
erators used river or lake waters. In 
many instances, however, this meant 
either an additional cost for equip- 
ment and pumping, or a heavier hy- 
draulic load on the treatment plant, 
or both 

Later users tried their sewage plant 


effluent. If the effluent was low in 
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Fig. 2—CONTINUOUS flow elutriation, using single tank 
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Fig. 3—CONTINUOUS countercurrent flow elutriation using two tanks 


alkalinity, this wash water proved 
effective at lower cost. In some plants 
it is possible to arrange at least a 
partial gravity flow system, thus again 
reducing the pumping costs. 

It should be emphasized that where 
elutriation is used, care must be taken 
that the additional load due to the 
wash water pick-up of solids and 
B.O.D. does not overload a treatment 
plant 

By careful planning, however, the 
additional volumes of liquid may be 
of benefit in some plants due to the 
diluting effect upon the strength of 
the raw sewage. 

One of the questions that may arise 
in the operator’s mind is, “ Hlow much 
wash water shall I use?’’ Although 
the ratio of elutriating water to wet 
sludge differs from plant to plant, 
it is commonly assumed that a ratio 
of 2 or 2.5 volumes of water to 1 
volume of wet sludge is a good start- 
ing point for a trial in any plant. 
Why do the ratios vary ¢ 

The amount of wash water 
depends upon many factors, among 
which are: 


1. What 


used 


kind of sludge 


elutriated—raw, digested, primary, 
secondary, activated or combination ? 

2. What is the alkalinity of the 
wash water, and that of the sludge? 

3. What is to be done with the 
sludge after elutriation ? 

4. How much sludge is to be han- 
dled each day? 

5. What is the economic point ; that 
is, how much alkalinity should be re- 
moved, balanced against the savings 
derived ? 

6. How much additional load is the 
wash water pick-up imposing on the 
plant? 

7. How much detention 
available in the existing plant, or how 
much additional tank capacity is re- 


time is 


quired. 


Chese factors are interrelated, some 
working in one direction, some in the 
opposite. It is agreed that the lower 
the alkalinity of the wash water, the 
more times the sludge is washed, the 
longer it is washed—all these will re- 
duce the coagulant demand and result 
in a better conditioned sludge. On 
the other hand, they lead to a greater 
pickup of B.O.D solids in the 
wash water, greater pumping costs, 


an 





TABLE 1 
Elutriation of Digested Thickened Sludge 





Vol. of 


Wash Water Ferric Chloride* 


Filter Capacity’ 


Saving 





+400) 
oO 


on oO 


— Ui 
ao + 


filter capacity 


ovo an 


filter capacity with 
15 percent less coagulant 


70 percent less coagulant 


oo 





&® Pounds FeCl, per 100 pounds dry solids in sludge 
> Pounds dry solids in cake per square foot of filter area per hour 
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and require more elutriation and set- 
tling tank capacity 

How is an operator to combine 
these factors into a workable for- 
mula? The best answer 1s to investi- 
gate and experiment with his own 
plant sludge, with the available wash 
water, and utilizing his own plant 
facilities. However, as a guide in this 
direction many plant and laboratory 
reports have been published (and are 
included in the references at the en 
of this article). 

Keefer and Kratz® have data and 
charts on various types of sludge and 
washings; Table 1 is an example of 
their results. McNamee® has published 
charts showing relative doses of ferric 
chloride for various degrees of elutri 
ation. He has shown that the amount 
of ferric chloride required iS propor- 
tional to the alkalinity of the sludge 
and sludge liquor. Since elutriation 
washes out the alkalinity, the more 
times a sludge is elutriated the smaller 
the amount of ferric chloride required. 
From one series of his experiments he 
has concluded that digested sludge elu 
triated by countercurrent washing with 
2.5 volumes of water can be condi- 
tioned with one-third the amount of 
ferric chloride required if not elutri 
ated. 

Craemer‘ reports the 
three vears of elutriation experience 
at the Hartford, Conn., plant and re 
sorts, among other things, that elutri 


results of 


i 
auion ettected 
digestion time, (b) eliminated sludge 
filtration odors, and (c) resulted 

a longer life for the filter cloths, as 
shown in Fig. 4. 

Others have published plant results 
from time to time which can be found 
in the literature. Two of the 
recent are those of Fraschina® at the 
Richmond-Sunset plant at San Frat 
and Sparr® at the East 
plant. Fraschina 
well pleased with 


has (a) savings 


most 


cisco, Calif . 
Rockaway, N. \ 
apparently is very 
elutriation. Sparr presents certain for 
mulas to relate the quality of 
elutriation tank effluent and three fac 
the dry solids loading, the vola- 
tile content of the sludge, and the 
liquid detention time. Among the re 
sults of his plant-scale study he cau 
»f the elutriator 


considered if 


the 


tors 


tions that the qualit 
effluent be 
detrimental high 
loads are to be 

In an attempt to formulate the co 
nts for sludge elu 
bined the liquid 
require- 


seriously 
recirculating 


solids 


ivol ed 


agulant requirenx 
triation, Genter'” con 
solids portion 


be written: 


and 
His equation 


portion 


ments may 


Use of Equation 


To illustrate how the foregoing 
} 


equation is used, assume a sludge, be 
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% chemical (FeCls) = 


_ 0.0001 x alka. sludge moisture (ppm) X % sludge moisture 





1.08 « 


(1 — % sludge moisture) or ( % total solids) 


% volatile matter 








% fixed matter 


All these values are on a dry basis. In terms of the usual sludge 
analysis this equation may be somewhat simplified to: 


% FeCls = 0.000108 alkalinity (ppm) 


% volatile 


% ash or fixed 








Fig. 4—GENTER method of calculating coagulant requirements 


fore elutriation, of 4 per cent total 
solids and 55 per cent volatile solids 
having an alkalinity of 3,000 ppm. 
After elutriation, the alkalinity has 
been reduced to 250 ppm. How much 
(%) FeCls is required before and 


after elutriation ? 


total solids, then (100% — 
96° moisture. 


lf 4% 


volatile solids, then ( 100% 
45% fixed solids 

0.000108 

96 + 


— + 16 — 
4 45 


3000 ppm 


0.000108 3000 
1.6 (1.22) 
9.73% 

0.000108 

OH 


4 


2.60% 


ppm 


+ 1.6 - 


It must be pointed out that the 
equation is only a guide for the op- 
erator. He must determine the best 
for his particular situation 
the factors will be 


dosage 
Some ot 

1. Amount of alkalinity removed by 
elutriation 

a 2 ype ol sludge to be filtered, as 
previously discussed (raw or digested ; 
primary, secondary, or combinations ) 

3. Whether the sludge contains any 
industrial wastes that react with the 
coagulant (iron reducing compounds, 
mineral or cutting oils, etc.). 

+. What degree of dewatering is 
expected of the filter (% moisture 
n the cake) 

5. Operation of the filter | speed of 
revolution, type of filter cloth, etc.). 

6. The coagulant used (ferric chlo- 
ride, alone or with lime; chlorinated 
copperas, ferric sulfate, etc.) 
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7. If digested sludge, the degree of 
digestion is important (% vol./% 
fixed). 


As a first attempt at determining 
how much wash water is to be used, 
the formulas of Genter! can be used. 
If single-stage elutriation is used the 
ratio, R, of wash water to sludge is: 

D—E 
E— W 

For any number of stage washings, 
n, (more than 1), the ratio for each 
wash is 

n D—W 
Ve—w 

For countercurrent 

tanks), the ratio is: 


1 


washing 


lD—e 
a=,/—__—_ + 65  —O5 
Ve—w 
in which 

D = alkalinity of the sludge before 
elutriation ; 

E = alkalinity of the elutriated 
sludge ; 

W = alkalinity of the elutriating 
(wash) water or effluent ; and 
ratio of volumes of elutriating 
water to the volume of mois- 
ture in the sludge. 


In the foregoing formulas R is the 
ratio of the volume of water to the 
volume of moisture in the sludge. The 
operator, however, wants to know the 
volume of water to the volume of 
sludge (not moisture). Therefore, R 
must be multiplied by the fraction of 
water in the sludge 

Incidentally, much has been said 
regarding the alkalinity of the sludge. 
How is this determined in the plant? 
lhe standard method for running 
sludge alkalinity is given on page 
349 of the Tenth Edition and page 
158 of the Ninth Edition of “Stand- 
ard Methods’’**. While this is a rela- 


tively simple procedure, the end point 
of the titration may be somewhat dif- 
ficult to see at first. 

With practice, though, any operator 
soon will be able to detect the correct 
end point. A fluorescent light over the 
titration will help, as will doing the 
titration over a white table top. If a 
pH meter is available, this can be used 
to indicate the titration end point with 
no need to watch for color changes. 

lhe foregoing discussion has been 
concerned primarily with sludge elu- 
triation as an aid in conditioning 
sludge for vacuum filtration. Re- 
cently, interest in elutriation has been 
revived as a means of sludge thicken- 
ing and as an aid in two-stage diges- 
tion. These will be discussed in the 
next article of this series, “Recent 
Advances in Sludge Digestion.” 
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Vacuum Filter Blankets 


N A SEWAGE disposal plant 

where sludge is dewatered to pro- 
duce filter cake for further drying, 
the filter room may be considered the 
heart of the plant. Years of study 
and endless trials are required to 
establish methods of sludge condi- 
tioning so that a continuous produc- 
tion of filter cake can be maintained. 

In the filter room characteristics of 
the incoming concentrated sludge are 
closely observed and noted. Condi- 
tioning treatment is altered as re- 
quired to maintain a constant level 
of filter cake for effecient plant opera- 
tion and for dried sludge (fertilizer) 
production. 

\t the West-Southwest Sewage 
Treatment Plant of the Sanitary Dis- 
trict of Chicago, excess sludge from 
the activated sludge sewage treat- 
ment process is first filtered on vac- 
uum filters, and then is dried by 
flash dryers and is disposed of in bulk 
as a fertilizer base. The original plant 
design contemplated filtration, dry- 
ing and incineration of sludge from 
beth preliminary settling units and 
secondary clarifiers. Difficulties in 
the sludge drying system, caused by 
the high grease content of the pre- 
liminary sludge, after about seven 
months of operation led to adoption 
of the present method of disposal 


Filter Installation Grows 
from 24 to 98 Units 


Originally twenty-four filters 11 
ft. 6 in. in diameter by 16 ft. in length 
were provided. These were arranged 
in eight rows of three filters each. 
Each line of filters discharged to a 
rubber belt carrying the filter cake 
to a drying system. In 1940, after 
about a operation, another 
filter was added to each row 

During 1953, three additional fil- 
ters were added to each of the orig- 
inal lines, and six new lines of filters 
(seven filters in each) were installed. 
This installation brought the total 
number of filters to ninety-eight. The 
new facilities were available for ser- 
vice in November, 1953 

Ferric chloride is used to condition 
the sludge. By conditioning, the 
sludge is concentrated from about 0.8 
per cent solids (as wasted from the 
final settling tanks) to 1.2 to 2.0 per 
cent solids as delivered to the fiiter 
room). The pH range of the treated 
sludge is approximately 3.0 to 4.0, 
varying somewhat with the volatile 
matter content of the sludge. The pH 


year of 


by WARREN L. SHEDDEN 


nar., West-Southwest Sewage Treatmer 


of the conditioned sludge varies in- 
versely with the quantity of ferric 
chloride required to properly condi- 
tion the sludge. /t is essential that 
the sludge be properly conditioned in 
order that the blankets can efficiently 
produce the desired filter cake. 


Filter Blankets Are Important 

The capacity of a sludge drying 
system is largely determined by the 
moisture content of the filter cake 
delivered to it. Accordingly, one of 
the most important factors in vacuum 
filter operation and cake production 
is the selection, installation and care 
of the filter blankets. Filter blankets 
serve the purpose of removing liquid 
from the sludge solids, to produce a 
filter cake for further drying. This 
plant has endeavored to obtain the 
best possible filter cloths for its use. 
To that end, extensive studies have 
been made of all factors, including 
use of different kinds of blankets 
and methods of installation, treat- 
ment and maintenance. The original 
filter blankets were napped wool 
twill, weighing 12 ounces per square 
vard of material. They were stretched 
tightly over %-in. mesh 16 gauge 
monel metal screening which was 
fastened on wood grids nailed to the 
decking. Twelve gauge copper or 
copper alloy wire was spirally wound 
around the drums using two-inch 
spacing. The cake was removed, after 
blowback, by a heavy steel scraper 
blade. The blade was welded to the 
apron of the filter unit and was pulled 
tightly against the winding wires 

The maintenance of this system of 
cloth mounting was high, because of 
corrosion, wearing and breaking of 
the winding wires, and through cor- 
rosion of the monel screen. The un- 
availability of monel metal 
brought about the substitution of 
wood for backing grids, which pro- 
vided drainage and served as sup- 
port of the filter cloth. 


screen 


Wood Supports for Blankets 


The face of the wood grids was 


ribbed on %-inch centers, with a 
groove depth of %%-inch. The back 
of the grids was cut to provide drain- 
age channels, directioned both later- 
ally and circumferencially. Com- 
munication with the face of the grid 
was accomplished by wide saw cuts 
(approximately %-inch), running in 
a horizontal direction, and deep 
enough to reach the grooves of the 


t Plant, Chicag 


face. These cuts also served to ac- 
commodate the sections to the curva- 
ture of the filter drum. 

The wood sections were of a length 
to fit between the separator strips 
which divide the circumference of 
the drum into twenty-four sections of 
approximately twenty inches each. 
The ribbing was set at an 18-degree 
angle to the separator strips, in order 
to keep the winding wire out of the 
backing grooves. 

With restrictions on the 
strategic metals during the last war, 
it became apparent that an insuffi- 
cient supply of copper wire would 
hamper operations. Experiments 
were made to fasten the cloth to the 
separator strips. This was first ac- 
complished by grooving the separator 
strips and holding the cloth in place 
with nailed wood strips which forced 
a tight fit of the cloth in the groove. 
A shoulder cut into the backing 
around each end of the filter allowed 
similar end fastening of the cloth. 


use of 


A Stainless Steel Scraper 
and Plastic Panels 

Che scraper blade was then held 
against the cloth only by a weighted 
bar at each end; its travel was limited 
by set screws, to insure its clearing 
the retaining strips at the panel sep- 
arators.” Somewhat later, an 8-inch 
strip of 22-guage stainless steel was 
bolted to the apron with a five-inch 
extension. This strip was used in 
place of the stiff steel scraper blade. 
Che set screws to adjust the floating 
arrangement were continued. Present 
replacements are made of 16-gauge 
stainless steel, which has longer life, 
holds alignment better, and exhibits 
less tendency to sharpen at the scrap- 
ing edge. 

Injection-molded polyvinyl chlo- 
ride plastic panels are now used for 
backing grids, with the ribs vertical 
to the separator strips. The cloth is 
held in place by acid-resistant cord 
driven into dovetail mortises cut in 
the separator strips. The ends of the 
panels are sealed by tightly drawn 
stainless steel ribbons, nailed at inter- 
vals to prevent slipping. 

In addition to the savings in mate- 
rials, our present panel fastening has 
resulted in reduction of time required 
to replace blankets and make repairs. 
The response of the blankets to water 
wash and to detergent wash has been 
improved, and the cleaning of the 
backing at the time of cloth changing 
1956 
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TABLE | 
Comparative Rating of Vacuum Filter Blanket Materials 


; initial | Water Detergent | Acid ~ Seraper | Useful Life) — 
Material Installation Cake Cake Elongation | Wash Wash Wash Abrasion | (Hrs. of | Economic 
Rating Pickup Production Tendency Response Resp. | Resp. _ Resistance | Service) _ Rating 


Mu Soc od : 1900 


2400 _ 


on maintained which cause blinded areas o1 

re wind ) as possible. \ dark colored filter blanket. Each filter is 
the filter cloth a if ad woven into the cloth at’ washed after a forty-eight hour pe- 
feet intervals (; “i riod of service. When this washing 
very ul along tl greatly fails to clean the filter satisfactorily, 
ballooning, etfe aligning tl ket ‘gre detergent wash, as previously de 
scribed, 1s used. Detergent wash usu 
cloth, to allv will remove solids, grease and 


stretch while ungus, but will not effect iron oxide. 


acne “ef 7 lh ; archaced wie OS We 
‘r factor abou inches longer and six inches lf unsatisfactory cake pickup indi 
nel fastening, an are: than tl actual measurements cates excessive iron oxide clogging, 
ipproximately twenty of t lrum, to make installation the cloth is washed with 18° Beaume 
direction and a unmings are used for inhibited muriatic acid, which is drip- 

vas exposed to tl pat ing loths rn in operation ped on the blanket at the top of the 
pressure Vi slowly revolving drum. Approxi- 
cessive elongati | Detergent Wash mately 2 gal. of acid are applied. 


g ue 

] } ] ion ' " Wwe -e 1 wm) O17 

Ou mabrearrs \fter installation, the blanket is The acid IS allowed to remain in 

reducing the blowback give, a detergent wash to thoroughly the blanket for about eight hours, 
<¥ : 


pounds vet and flex the fibers. For the de vith the filter drum revolving con 
. ° 11 1 
square inch; ; tergent wash we add two quarts of tinuously. The filter blanket is then 


with lower elon 60 per cent active triethanol amine sprayed with water tor about an hour 
sought tu alkylary] sulphonate, to about three befcre the filter unit is returned to 
benefit would ; | gallons of water in the filter service. When less than 75 per cent 
crease i an rum is rotated for four of the area of the blanket fails to pro- 
the threa hout th tl agitator in operation ; duce filter cake, it | | 
slightly clo iis provides a foamy suds washing placement 
i slightly heay action, cleaning out most of the accu 


mulation of solids, greases an 


Service Record and Testing 


tung 


| 
which cause blanket blinding. A plain \ complete record is maintained 


water rinse follows, using the jet for all blankets, showing informa- 


Installing Filter Blankets 


f filter cloths, we sprays mounted at the rear of the tion such as purchase contract, man- 

to give no special filter ufacturer, date received, blanket 

ing the program, During filter operation, the cloths number, date installed, kind of mate- 

iS necessary to discover its became loaded with sludge solids, rial, weave, weight, pressure loss, 

ise under ordinary operat- grease and iron oxide. In warm wash and maintenance record, hours 

litions. In making the instal weather there also are fungus of service, date and reason for re- 
loths are fitted snugly to the growths from the conditioned sludge placement. 
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1956 — BEAUMONT BIRCH'S 52nd YEAR— MANUFACTURERS OF EVERY TYPE COAL ASH 
AND BULK MATERIALS HANDLING EQUIPMENT SINCE 1904 
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The pneumatic conveyor system shown 


at right was engineered and manufac- 


| 


tured and installed by Beaumont Birch 
for the West Sewage Treatment Plant .@ / 
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A hydraulic system as shown in drawing 














below was furnished for the Bay City, 








Mich., sewage treatment works. 
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for conveying filtered sludge to the furnace and dried or 


incinerated sludge from the furnace. 


BIRCH COMPANY 


W 1508R RACE STREET, PHILADELPHIA 2, PA. 


DESIGNERS — MANUFACTURERS —ERECTORS BULK MATERIAL HANDLING SYSTEMS 
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sample of each blanket, as in- 
is filed for possible future 
and a second sample is 

the laboratory for testing. 
is examined for conformity 
ications, including pressure 
h is measured in inches of 
an air flow of 150 cu. ft. 
ute per sq. ft. of blanket area. 
standard was adopted instead 
S.T.M. designation D 461- 

h defines permeability as 
of air passed in cu. ft. 

per sq. ft. at 0.5 inch pres 
since it was found that 

the curve plotting pres- 
against air flow varied 
different tvpes of mate- 


itary district’s testing 

t consists of a source of low 
ir, a plenum chamber hav 
lar opening of 0.1 sq. ft. 
to 2.0 inches inclined 
gauge measuring to 0.01 
orifice flow meter. The 

is clamped over the circu 
ng of the plenum chamber 
f a ring. Air flow and 
neasurement are recorded 


ient number of settings 


itting a curve of the 
pressure vs 
irious filter 
be compares , an 


perating data 


Specific Cloth Qualities Needed 


re several speci qualities 
loth which fit it to serve 
the severe conditions 
; subjected 
| are 
jiability, toughness, 
esistance, with a mi 
ncy to stretch. These 
ecessary for satisfa 
and for efficient 


\ nap of 
seal the blanket sur 
to pick up the proper amount of 
ind to stand the wear caused 
ntact with the scrape blade 
titable pressure loss 
Resistance to chemicals used in 
ning the sludge and in acid 
ge blankets 
the fifteen years of filter 
eleven different blanket 
ials have been used and studied 
ire: Cotton, Untreated Wool, 
d Wool, Vinyon, Nylon, 90% 
10% Saran, 25% Nylon-75‘ 
Dynel, 50% Dynel-50% 
Wool, Orlon, and Dacron. 
The weight of blanket materials 
has varied from 12 to 16 ounces per 
square yard. Some were napped and 


W.&S.Ww REFERENCE & DATA 1956 


ll 


ACID WASH—Muriatic acid treatment removes the iron oxide clogging 





others not. The various cloths, ex- 
cept cotton, are rated in Table 1 with 
respect to factors considered of im- 
portance in blanket use under condi- 
tions applying at The West-South- 
[Treatment Plant. 


west Sewage 


Summary of Operating Experience 
Cotton 

The few cotton filter blankets used 
during the early years of our plant 
operation were too expensive, 
sidering their short life and frequent 
wash requirements. None have been 
used since panel mounting of filter 


con- 


blankets was adopted 


Wool, Untreated 


Untreated wool twill blankets have 
been our general filter service cloth 
throughout most of the entire period 
of operation. All have been long 
napped, and installed with the nap 
lying the opposite direction of the 
drum travel. All were satisfactorily 
pliable, and all continued to stretch 
through With increasing 
weight (up to the 14-15 ounce type) 
the characteristics of the blankets 
improved. The 12-ounce blankets 
gave poor initial filter cake pickup. 
They required pre-service treatment, 


service 


and frequent washings during ser 
vice filter cake de- 
livery The 16-ounce 
type blankets were too heavy, as they 
proved difficult to install and pro 
duced a low yield. They re- 
quired too much care to be worthy of 


before desired 


was obtained. 


cake 


extensive study 

The pressure 
the wool cloths (in inches of water ) 
were: 12 ounce, 0.31 to 0.38: 13 
ounce, 0.50 to 0.70: and 14 to 15 
0.45 to 0.80. 
the cloth are not 
available. The useful life of the 12, 
13, and 14 to 15-ounce cloths aver 
aged 1900, 2400, and 2700 hours re 
However, a few blankets 
did much better than 


loss 


measured for 


ounce, Pressure loss 


data on 16-ounce 


spectively : 
in each class 
the average. 
Wool, Treated 


During warm weather fungus 
growths clog the interstices of the 
cloths and tend to fill the backing 
grooves and drainage channels. In 
addition, filter blankets out of ser- 
vice for extended periods of time de- 
teriorate as a result of microbial ac- 
tion. To combat this condition, 
washes of chlorine water, bromine 
water, pentachlorphenol solution and 
copper sulfate were used, but with 
very little improvement. The use of 
bromine water was very hazardous 
to the operating personnel. 

It was found possible to have the 
blankets treated at the mill, using a 
permanent type of bactericide, either 





before or after weaving. While some 
blocking of the cloth interstices was 
eccasionally in evidence, the overall 
results with fabric as treated were 
satisfactory, and the blanket life was 
noticeably increased. Pressure loss 
for these blankets ranged from 0.40 
to 0.60 inches, and their service life 
averaged 3300 hours. Elongation was 
present throughout service, but was 
measurably lower than that of the 
untreated wool cloths. Purchase con- 
tact specifications for these treated 
cloths, used during the past several 
vears, follows: 

“The weave to be two up and two 
down, straight twill. with a thread 
count of approximately thirty-one 


(31) end warp and twenty-five (25) 


are as 


end woot. 

“The material to be all 
weighing not less than 14% 
per square yard, exclusive of 
fat and and woven in 
continuous piece without 
and one side long napped. The 
amount of nap to be approved on 
sample submitted before fabrication 
The wool to contain 
fly, card strippings, 
reused wool. Garnetted 
exceed 25‘ 

“The warp and woof thread to be 
twisted 105 turns per foot, and the 
cloth to be finished in a manner to 
produce a minimum of stretch in the 
width. At approximately every 36 to 
48 inches as measured along the 
warp, a woof thread of a dark, dis- 
tinctive, permanent dyed color will 
be inserted, fo aid the mechanics 
installing the cloth. 


wool, 
ounces 
wool 
bactericide ; 


one seams 


no noils, card 
waste or 
not to 


card 
wor | 


while 

“The cloth to have sufficient pet 
manent bactericide treatment to pro- 
tect it useful filter 
life. The treatment should add ap- 
proximately 214% j 


the untreated cloth.” 


throughout its 


to the weight of 


Vinyon 

The Vinyon cloths used not 
satisfactory, partly the 
tvpe of weave, which presented in- 
stallation problems and stretching 
during service; but of more serious 
poor re- 


were 


because of 


consequences, because its 
sistance to acid washing. These cloths 
after an average of 
filter blanket 


removed 
1.000 hours of 


were 
about 
service. 


Nylon 

Highly variable 
tained with nylon cloths; 
nap, others had to be napped with 
brushes. One or two blankets 


ob- 


some had 


results were 


wire 
gave several thousand hours of sat- 
isfactory service and stood washing 


with 17'4% muriatic acid. Others 


R-313 


deteriorated or glazed when washed 
with 5% to 744% muriatic acid, and 
most of them responded only fairly 
well to detergent wash. The glazing 
action appeared to be a partial solu 
tion of the fiber with re-precipitation, 
resulting in a_ badly cloth 
having a glazed surface. 


clogged 


The material is durable and abra- 
sion-resistant, with little dry 
stretch, but many showed 
excessive stretch while in 
However, testing is being continued 
on blankets in the 0.80 to 1.20-inch 


very 
blankets 
service. 


is because of 
obtained 


pressure loss range. It 


the wide range of results 
from this material that we have been 


unable to establish any set program 


with any 


t 


vr wash and acid treating, 


( 
degree of assurance that the blanket 


will be serviceable after treatment. 


Nylon 90°%—Saran 10% 


In appearance this combination of 
cloth the 100% Nylon, 
but because of the Saran content it 
brittle in requiring al- 
most daily repairing. It was stiff and 
difficult to install. Its reaction 
to acid washing was similar to that 
ot the 100° Nylon cloths. The pres- 


sure loss was 0.74 inches 


resembled 


became use, 


bulky, 


Nylon 25°%—Wool 75% 


Chis materials is 
similar to han- 
dling and service, but because of the 
nylon content it had poor resistance 
It showed excessive 


combination of 


wool in appearance, 


to acid washing 
was 


loss 


1 
elongation. The 


pre ssure 


0.62 inches 


Dynel 50%—Wool 50%, 


This combination was rather bulky, 
but pliable; pressure 0.90 
inches. It withstood scraper abrasion 
well and responded to all types of 
treatment, but it stretched in service 
100% wool cloth. It was 
satisfactory material 


loss 


was 


as badly as 


a quite 


Orlon 100% 


soft and 
appearance it resembled 
The pressure loss 1.70 
It delivered a desirable filter 
blinded easily. The poor 
resistance of the cleth, and its 
to detergent washing 
useful filter life to about 
and its overall use to 
This material, like 
glazed when 


m1 

Chis material was very 
pliable, in 
Nylon 


inches 


Was 


cake but 
acid 
poor 
limited its 
1.000 hours, 
about 2,200 hours. 
Nvlon, deteriorated or 
acid washed 


response 


Dyne! 100% 


The studies have included one Dy 
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MORSE BOULGER DESTRUCTOR COMPANY 


Department WSW °* 


80 Fifth Avenue, New York 11, N.Y. 


Representatives in Principal Cities 





PRODUCTS 


Incinerators of All Types including Mechanically Stoked 
Furnaces, Combination Sludge Refiner Furnaces, Mul- 
tiple Hearth and Rotary Hearth Furnaces; Special De- 
signs. 


Sizes range from a few pounds per hour to hundreds of 
tons per day. 


ENGINEERING EXPERIENCE 


We have been designing and constructing incinerators 
for municipal, industrial, institutional and apartment 
purposes for more than sixty years. We work closely with 
consulting engineers and architects to be sure the best 
type of incinerator is selected for each specific require- 
ment and to assure a plant appearance and operation 
that will not be offensive to the community. 


MECHANICALLY STOKED UNITS 


Featured by: high burning rates because of the well- 
vented stationary cone and revolving stoking arms; no 
dead space corners; charge dropping on cone assumes 
similar shape, well aerated for combustion; continuous 
mechanical stoking; single charging and single ash re- 
moval opening; entire unit accessible from outside; can 
be combined readily with rectangular combustion and 
expansion chambers, providing maximum operating 
flexibility. 


We suggest that you discuss your disposal problems with 
our engineers as they may involve complex factors where 
our broad experience would be helpful. 


Close up of cone showing 
fixed inverted ‘bowls’ and 
revolving stoker with arms 


Modern Incinerator Plant 
equipped with four Morse 
Boulger Mechanical Stokers 
Hempstead, N. Y., Henry 
W. Taylor, Cons. Eng 
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COMBINATION SLUDGE REFUSE INCINERATOR 


This type unit is ideal for the smaller community which must 
dispose of sewage sludge as well as municipal refuse. The 
sludge is dried on the upper hearth and then rabbled (sta- 
tionary arms and revolving hearth) into the lower chamber 
where it is incinerated with the refuse. Very compact plant 
and economical in both first and operating costs. 


Moe noes 


PR £3 — Bi SSEEESASSNSF 
CHARGING HOPPER 


HYDRAULIC CHARGING GATE 
AUXIUARY BURNER 


FEED CONVEYOR 


KUOGE DRYING 
HEARTH 


ATIONARY RABBLE ARMS 


ROTATING HEARTH 


REFUSE FURNACE 3 
FRING (AMBER — de 


MORBO STOKER 
TUYERE ORYING CONE 


AUTOMATIC STOKER 4 


Spo 





MORSE BOULGER MULTIPLE HEARTH FURNACE 


Designed to dehydrate or incinerate sewage sludges and 
many kinds of industrial wastes. Material is rabbled inward 
and outward as it passes downward from hearth to hearth. 
Provides maximum pre-drying and incinerating capacity, dis- 
charging dry ash from wet sludge feed. 





nel blanket having a pressure loss 
of 1.75 inches, and three in the range 
of 0.31 to 0.45 inches. The denser 
cloth was bulky and stiff, difficult to 
install. The others were more loosely 
woven, softer and more pliable, and 
of satisfactory consistency. However, 
none gave outstanding performance. 
There was very little stretch during 
service, and they were responsive to 
acid and detergent washings, but were 
not as resistant to scraper abrasion 
as was desired 


Dacron 100% (Polyester Fibre) 


This material is tough and strong, 
pliable, abrasion-resistant and dimen 
sionally stable. It is acid-resistant, 
and seems to be water-repellent and 
rot-resistant. We have twenty-four 
100% Dacron filter cloths in service, 
and the above qualities are outstand 
ingly noticeable in each case. The 
pressure loss of the Dacron blankets 
ranges from 0.50 to 1.61 inches. The 


material has a satisfactory nap and 
practically no stretch during service. 
It responds very well to all types of 


wash treatment 

At present it that these 
cloths are most satisfactory for our 
use, and will be adopted as our gen- 
eral service filter cloth. They rate 
high in all respects, and their tough- 
ness and durability is outstanding. 
One filter blanket is in excellent con- 
dition after over 11,000 hours of 
filter service, another has had over 
7,000 hours, and several have had 
over 4,000 hours. None has_ been 
patched or repaired in any way, and 
all continue to give satisfactory filter 
cake production. No cloth of this type 
is showing signs of abrasion wear or 


appears 


deterioration from decay 


It is expected that many of these 


cloths will duplicate or better the 
outstanding performance of the orig- 
inal test blanket. The use of Dacron 
on the ninety-eight filters in service 
will greatly improve operations and 
reduce our blanket maintenance costs. 


Three Important Considerations 


The vacuum filtration of sewage 
sludge imposes severe conditions on 
the filter blanket. If the blanket is to 
serve satisfactorily, the cloth must 
be properly installed, and 
maintained. In summary: 


selected, 


Selection. Material selected for a vac 
uum filter blanket should be: 

Tough, strong and pliable. 

\brasion resistant and dimension 
ally stable. 

Of suitable pressure loss. 

Of long nap, at least one-half inch 
long. 

Acid and chemical resistant. 

Proper Installation. For proper in 
stallation : 

The blanket should be of material 
that can easily be installed with 
proper tension and alignment. 

The material should exhibit a min 
imum dry stretch during instal 
lation, as minimum 
stretch during its service life. 

Care. The blanket material 

Respond well to water and deter 
gent wash, acid wash, and chem- 
ical treatment,.without any no 
ticeable injury to the fabric 


well as a 


should : 


rhroughout the service life of the 
filter cloth, be kept as clean as 
possible. A clean and_ pliable 
cloth will deliver a better filter 
cake, from a larger filtering area, 
have a much longer 


and will 


useful life. 





Conclusions 


In Table 1 the column headed 
“Economic Rating” is based on the 
original cost of cloth, the installation, 
repair and maintenance costs, and on 
the efficient cloth life. The designa- 
tions 1, 2, 3, and 4 represent what 
are believed to be the best selections 
to meet requirements at the West- 
Southwest Sewage Treatment Plant 
of the Sanitary District of Chicago. 
Different conditions would, of course, 
call for modifications. Although Dac- 
ron cloths of the design specified 
best meet present requirements, the 
engineering staff of the Sanitary Dis- 
trict of Chicago continues to investi- 
gate and experiment, always seeking 
improvements 
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The C-E Raymond System — 
the MODERN method of 





SLUDGE DISPOSAL 


emerges os a desirable product, 
easy to handle, exceptionally rich 
in humus, and containing the 
trace elements found in good top- 
soil. 


emerges as a fine dust, free from 
clinker and unburned organic ma- 
terials. 


Eastern Office 


The C-E Raymond System is the most popular 
most versatile on the market today. It combines the 
principles of Flash Drying and Incineration in a 
single compact system that allows you to Flash Dry 
or Incinerate sewage sludge alternately or concur- 
rently. It is available with a high temperature deo- 
lorization system that assures odor-free operation. 
Flash Drying by the C-E Raymond System is a 
continuous process in which vacuum filtered sludge 
with 
is efficiently heat dried to a marketable 


if uncontaminated undesirable industrial 
wastes 
soil conditioner retaining all its original nitrogen, 
but eliminating the objectionable qualities of the 


riginal wet sludge. In a well designed and operated 


COMBUSTION 


“activated plant” the revenue from the sale of soil 
conditioner is sufficient to cover a sizable part of 
plant operating costs. 

Where the production of soil conditioner is not 
desired or the sludge is unsuitable, it is flash dried 
and then completely burned in suspension to an 
easily disposable, sterile ash. 

The services of C-E specialists are available to 
help you plan for the end of atmospheric or stream 
pollution in your community, as has been done in 
so many others. For specific recommendations on 
the most practical answer to your sludge 
disposal problems, get in touch with the 
Combustion office nearest you. 


ENGINEERING 


RAYMOND DIVISION 
1315 North Branch Street, Chicago 22, Illinois 


Madison Avenue, New York 16, N. Y 


Western Office: 510 West Sixth Street, Los Angeles 14, California 


also flash drying and incineration systems for industrial waste disposal 


REFERENCE & DAaTaA—1956 








UTILIZATION OF SEWAGE SLUDGE 


a sewage sludge contains 
a high percentage of organic and 
humus matter, much thought has been 
given to the use of sludge as a fer- 
tilizer or soil conditioner. In evaluat- 
ing fertilizer characteristics of sludge, 
there are five types of sludge to be 
considered: Raw (primary), di- 
gested} activated, digested activated, 
and chemically precipitated. Analyses 
of various types of sludge are shown 
in the accomnanying table 


soil, for fertilizing purposes, because 
of possible contamination of prod- 
ucts grown therein. 

Perhaps the best known sludge 
sold as fertilizer is Milorganite from 
Milwaukee, Wis., although Chicago 
and other cities also sell activated 
sludge and a number of cities sell 
digested sludge. Marion, Ind., has 
sold digested sludge directly from 
digestion tanks without dewatering 
for delivery and application directly 


Analysis of Various Types of Sludge* 
Percent-Dry Basis 


Constituent 


Volatile Material 
Ash 

Insoluble Ash 
Grease and Fats 
Protein 
Ammonium Nitrate 
P.O; 

K,O 
Cellulose, etc 
SiO 

Iron 


Types of Sludge 


Filter Cake 
Digested Act. Sludge Raw Digested 
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40-60 
40-60 
30-45 
2-15 
14-30 
1.3-1.6 
0.5-3.5 


45-60 
40-55 
35-50 
3-17 
16-21 
1-4 
0.5-3.7 
0-4 
10-13 
15-16 
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*Data from FSIWA MOP No. 2 


At best, any type of sludge is lack- 
ing in some respects as a complete 
fertilizer. As can be from the 
table, the nitrogen, phosphorous and 
potash contents are lower than those 
of commercial fertilizer, but the 
humus content is of value for soil 
conditioning. In addition, sludge con- 
tains amounts of trace elements and 
growth promoting substances of value 
to soil conditioning. These trace ele- 
ments include copper, zinc, manga- 
nese and magnesium. Generally, it is 
considered that dried activated sludge 
is better than digested sludge and that 
taw sludge should not be used on 


seen 


on farm land. Since the sludge is not 
dried the soluble ammonia nitrogen 
is not lost, as it would be on drying. 

Preparation of the dried sludge for 
sale is essential to increasing its sala- 
bility. Heat dried sludge is pulverized 
to granular size during the drying. 
Open bed dried sludge must be dis- 
integrated. 

According to data collected by the 
U. S. Dept. of Agr., collected be- 
tween 1936 and 1944 approximately 
100,000 tons of dried sludge was used 
each year. The revenue to be obtained 
from the sale of sludge varies. In 


many cases, the revenue may not 


a 


cover the cost of producing and sell- 
ing the sludge, but this method may 
still be less costly than other methods 
of disposal. For a complete discus- 
sion of this subject, reference should 
be made to “Manual of Practice No. 
2—"Utilization of Sewage Sludge as 
Fertilizer” published by the Federa- 
tion of Sewage and Industrial Wastes 
Assn. 

When adequate land area is avail- 
able and the amount of sludge is 
relatively small, the problem of ulti- 
mate disposal of sludge is of little 
import. Where disposal areas are 
limited the amounts of sludge are 
great, ultimate disposal of the solids 
from sewage treatment may be a 
problem of some magnitude. Thus 
preparation and sale of fertilizer or 
incineration may be the best solution. 
Economic factors dictate the type of 
ultimate sludge disposal. 

Many persons regard sewage 
sludge as a soil conditioner or soil 
builder, rather than a fertilizer in 
the strictest sense. In some states the 
legal definition of a fertilizer pre- 
cludes the possibility of classing 
sludge as a fertilizer the 
chemical constituents are the 
legal specifications. 

In a few cases, dried sewage sludge 
has been fortified with nitrates, pot- 
ash and phosphates but in general 
there is no economic gain, it is as 
easy to buy and spread both the 
sludge and the fertilizer. 

Heat dried activated sludge ap- 
pears to be the best partly because 
it is free from weed seeds, blends 
quickly and easily with the soil and 
has but a very slight odor. Lawns 
fertilized with sewage sludge have a 
dark green color and a strong stand 
of grass. 

Transportation of sludge to the 
consumer presents one of the big 
problems and is a factor in the eco- 
nomics of the sale of sludge by a 
sewage treatment works. 


because 
below 
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Weed-Free Sludge Beds 


By L. A. CONN 


Tech. Representotive, E. |. du Pont de Nemours & Co., Inc., Wilmington, Dela 


W! EDS are sometimes defined as 
“plants in the wrong place’— 
and they can find a good many wrong 
places to get into around a sewage 
treatment works. They particularly 
deface the clean sand surface 
drying beds, when not in 
or tangle fence-rows and retain 
walls where a power mower can't 
h them. Railroad sidings and 
“fair game” 


like te 


sludg« 


as are also 


and trimming are 

and disagreeable, and present 

asingly difficult labor prob- 

s alone make this kind of 

rk an expensive luxury, aside 

fact that workmen object to 
toil in the hot sun 


Anderson 
for the Nort! 


in Illinois, | 


ing 


grubl 


district 

Shore 
> as been 
yroblem ever 


ne weed | 


took over his job in the 


brick outside 
nine He’s 
watched the workmen invent tools of 
their own—one that looks like an ice- 
scraper or lawn-edger; and another 
that is simply a power saw blade 
welded to a handle. But Joseph 
Debevic, acting plant superintendent, 
says most of those tools “just trans- 
plant the weeds.”” One of the most 


building 
years 


trim, yellow 


Waukegan, 


ago. 








SIX-INCH swath along fence treated 
with weed killer eliminates hand 
clipping 


; 


troublesome is pepper grass, and 
other is smart weed. 


Best Maintained Plant 


Long hours of hoeing in the sludge- 
drying beds have just barely kept the 
weeds under control in the past—and 
the job was never finished all summer 
long. Even under this handicap, in 
1951 the Waukegan plant won the 
Illinois State Health Department 
award for the best maintained plant 
in the state. This was a proud 
achievement for veteran plant super- 
intendent Matt Kirn, now on leave of 
absence, and for his operators. And 
in September of 1952, when the State 
\ssociation visited the plant, “‘the 


never better” said 


grounds looked 


Joe. 


But something new had been added 
to their maintenance program before 
that state meeting—a chemical weed 
killer that cut about 85 per cent of 
the labor out of weed control during 
1952, and was still keeping the sludge- 
drying beds clean nearly a year after 
application. 


Any chemical used for weed control 
in the beds has to meet exacting re- 
quirements. Anything based on oil 
might collect so much dust it would 
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Simple chemical treatment frees labor for more productive duties 
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log up the beds. Water-solu 
ounds might wash right throt 
the first rain, without lingering 
enough to do the job. Chemicals used 
large quantities might afte: 
functions of the bed itself 
What's 
compound, effective in quan 
that won't interfere the 


processes or work programs 


needed is a_ long 
small 
tities, witl 
normal 
of the plant. 

Ray Anderson thought he saw hope 
in a clipping about “CMU” Weed 
Killer* which came across his desk 
early in 1952. He obtained just tw 
pounds of the material in Marcel 
irranged for applications 
(pril, before weeds had con up 


test 


the drying beds 

[The chemical comes as a wettable 
powder which forms a suspensi 
water. Selecting four plots, each 216 
square feet, Ray tried four different 
concentrations two, three, and 
four ounces per gallon per 100 square 
feet. No weeds came up in any of 

while in check areas alongside, 

as plentiful as ever. 


one, 


| lots 
the weeds were 
In June, another area was sprayed 
this time 1,875 square feet len 
ounces of the chemical in five gallons 
of water killed weeds that were al- 
ready three to eight inches high, and 
the beds stayed clean all summer. This 
single application of 0.53 oz. of 
CMU powder* per 100 sq. ft. proved 
my le 


UNTREATED and treated areas of sludge bed 


unces of elva 


Trials Successful 

With this trial experience, Ande 
son and Kirn went to John S. Whyte, 
president of the five-man board of 
trustees, told their story and invited 
Mr. Whyte to see for himself 

As a result, the North Shore 
tary District purchased enough CMU 
Weed Killer* to treat all the drying 
beds at the Waukegan plant. A wheel- 
barrow model power sprayer to apply 


Sani 


it was also purchased. One of the lab 
1 out 66 


oratory assistants weighec 








per 100 sa. ft. in Aua. 1952 








Raymond E. Anderson, chemist-engr., 

and Joseph Debevic, acting plant supt., 

examine weeds from sludge beds of 
their plant. 


pounds in 15-ounce portions in papet 
bags to speed the refill operation, and 
then at the rate of 15 oz. per 1000 
sq. ft., they sprayed a total of 70,000 
square feet, or 1.6 acres. They also 
sprayed some along the fence-lines 
and retaining walls to kill the weeds 
and power-mower could 
do virtually all the lawn-clipping 

A three-gallon hand-sprayer was 
used in the original test work, but the 
10-gallon wheelbarrow model sprayet 
was used for the larger applications. 
[his sprayer has an agitator, which 
is essential to keep the powder sus 
pended in the spray tank. A hose de 
livering water right to the job and the 
15 oz. bagged charges of the CMU* 
materially speeded up the work 

The Waukegan plant is the largest 
of 11 plants in the North Shore Sani 
tary District, which runs along Lake 
Michigan from Highland Park, Ih 
nois, to the Wisconsin line. 
Louis K. Ekstrand is superintendent 
of the plants outside of Waukegan 
With the success achieved in Wauke 
gan, the trustees of the Sanitary Dis 
trict feel optimistic about holding 
their own in maintenance contests 
from now on. CMU (now known as 
“Telvar-a”) has proved to be the 
workmen’s more 


YTass so a 


state 


“best friend’’—no 
weeding in the hot summer sun. In ad- 
dition it poses no safety problems, 
such as toxicity to the users, damage 
to clothing, nose and skin irritation, or 
fire hazard. 
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Maintaining Sewage Metering Devices 


A review of simple but essential practices which apply 
to inferential and gravity flow types of meters 


Te STRIDES made in recent 
years in sewage treatment prac- 
tices have increased the importance 
of measuring devices, and the sewage 
meter is now considered essential to 
proper operation. Thus it follows that 
an understanding of the meters and 
their maintenance is also essential. 
Meters are used in critical places 
the plant for the measurement 
sewage, clarified sewage, 
and air flow. They may be 
considered desirable, depending upon 
installation, for measuring the in- 
the plant, the out-fall from 
int, or measuring flows at vari- 
ints within the plant 
ive a definite use in the pro- 
ling of liquids. 


- 


within 


or raw 


| hey also 


Sewage metering devices can be ar- 
rang two broad general classifi- 
ition each of has its own 

iintenance problems. The first clas- 
includes the types of meters 
where the liquid or 
through pipes under 
e pressure. The 
includes those meters which are 
for measurement of flow through 


ved in 


which 


cation 
for us¢ 
flowing 


second cate- 


ow associated with 


VENTURI meter with cleaning valves designed 


to serve as reamers 
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By F. L. SOMMER* 
Simplex Valve and Meter Co., Philadelphia, Pa. 


open sewers, or of flow through pipes 
running partially full. 


Inferential Types of Meters 


Where liquids must be measured 
under pressure, the general form of 
meter used to determine the flow is 
the inferential type of meter. This is 
an instrument utiliziug a differential 
pressure-producing device in the line, 
such as a Venturi tube. 

Sewage Venturi tubes usually are 
provided with a pressure belt at both 
the main and throat diameters, each 
belt being equipped with cleaning 
valves. These are spaced at equal in- 
tervals around the circumference of 
the belt, and are designed to serve as 
reamers when directed from their re- 
tracted position down through the 
piezometer openings leading from the 
interior of the tube to the respective 
pressure chambers. Normally these 
valves are hand-operated, and it 
should be the practice of the operator 
to clean out foreign matter from the 
piezometers by means of these clean- 
ing valves, approximately one a day. 
Flushing of the belts should be car- 
ried out with a clear water supply. 

In order to insure to the greatest 
possible degree that little or no sedi- 
ment enters the mercury cylinder of 
the secondary meter, sediment tanks 
are installed at some point in the 
pressure lines connecting the Venturi 
tube to the instrument cylinder. 

On the upper end of a sediment 
tank there is attached a flushing de- 
vice seat, while at the lower end there 
is a drain cock. The pressure line 
from the Venturi enters the side of 
the tank at about one-third the entire 
length from the bottom, and the out- 
let to the meter is taken at about the 
same distance from the top. Thus, 
any sediment which does find its way 
into the pressure tank may settle to 
the bottom and to collect there, rather 
than proceeding along the remaining 
length of piping to the meter cylinder, 


Water for Flushing Sediment 

The purpose of the flushing valve 
seat at the top of the tank is to pro- 
vide a temporary connection for a 
clear water flushing supply, so that 
at frequent intervals the sediment 
tank may be flushed clean. The tanks 
usually are placed close enough to 
the Venturi tube to utilize the same 
source of water supply as is used for 
flushing the pressure chambers of the 
tube. 

In those plants having a pressure 
supply of water not used for drink- 
ing purposes, a continuous backpurge 
of the pressure lines is possible. The 
liquid generally used is sewage efflu- 
ent, and normally a pair of special 
check valves is placed in the purge 
lines to prevent entrance of occasional 
solids which may be carried over 
from the treatment process. Also in- 
stalled in the pressure lines are small 
flow indicator regulators, to provide a 
means of controlling the flow equally 
to each pressure belt. 

Use of the continuous backpurge 
system does not eliminate entirely the 
need for maintenance, but does tend 
to minimize it. Reaming of the pie- 
zometer openings is still required oc- 
casionally, and the check valves 














SECTION through Venturi tube main diame- 
ter—at bottom of Fig. |. 





Disconnector Union Lever 
Used For Flushing Purpose 


Only. See Dwg. 0/1394A 








Cleaning Valves 
\ 


Main Beit 


PIPING CONNECTIONS for a Venturi meter measuring sewage flow. 


should be cleaned if the small flow 
indicators show a stoppage of the 
water purge 

\ better source of water for back- 
purge purposes is a system similar to 
that used for pump priming. In this 
case, clear water is used from a con- 
stant head tank fed from a float 
valve-controlled clear water line. The 
tank can be located either at a suffi- 
cient height to provide a pressure 
greater than that existing in the line, 
or a small pump can be used at the 
outlet to create the pressure required 
for purging. 

All the foregoing the 
necessity for and the means of keep 
ing the Venturi tube 
clear. This point cannot be stressed 
too highly. Sewage flow is not easy to 
measure, and than half the 
problem exists in the tendency toward 
clogging of the lines with solids. If 
cleaning is performed regularly, many 
difficulties can be avoided completely. 


deals with 


connections 


more 


Periodic Inspection Is Required 


In addition, periodic inspection of 
the meter itself is necessary. No in 
strument will remain in ad- 
justment indefinitely. Every-day han 
dling, such as changing charts, pens, 
and other routine adjustments, as well 
as routine meter operation, eventually 
result in the need for rechecking 


correct 








Sediment Tonks-2/6095 
Locote Close To Venturi Tube 


a wn 





3° Blow-off Voives. t Ss 
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oO a 


4 Clear Woter Supply 


”"Fiexible Hose 
5‘ Long 








a 
Lines To Meter 


| r Cylinder 


Inspection € Cleaning : ~ i" Pressure Lines 
Hondhole 





Throot Beit 
Blow-off Volves 


Note the 


Cherefore, the establishment of a reg 
ular inspection procedure is definitely 
lhe may be 
six months to a year. 


recommended. interval 

Unusual occurrences such as com 
plete shut-down, long idle periods, or 
more particularly, complete drainage 
of the system, require special atten 
tion. After the 
meter should be thoroughly checked 
ind adjusted 


such occurrences, 


Recommended Checking Procedures 
For Inferential Meters 

A recommended procedure for 
includes correction 
conditions such as 


checking meters 
or elimination of 


the following: 


SEDIMENT IN METER CYLINDER 


Remove the cylinder head and the 
float. The entire contents of the cyl- 
inder, including mercury, may be re 
moved by opening the mercury drain 
plug. Flush the cylinder thoroughly 
with clear water until the sediment is 
cleaned out. Weigh the mercury and 
replace the correct amount as speci 
fied by the manufacturer 
LINES 


LEAKS IN PRESSURE 


In many installations the pressure 
are buried, and unseen leaks 
may develop. Tests can be made, how 
ever, by the following method: With 


lines 


interconnecting Piping And 


Fittings Not Furnished 





sediment tanks 


| 
| 


discussed in text. 


the meter operating at a specific rate, 
close the throat valve at the Venturi 
tube. If the meter pointer remains 
stationary, there is no leakage in the 
throat pressure line. 

If the pointer moves to a higher 
value, the line leaks. Close the equal 
izing valve to stop further rise, and 
repair the throat pressure line. If the 
pointer drops backward towards zero, 
it indicates leakage probably through 
the equalizing valve. 

The same test is then applied to the 
main connection after the throat valve 
has been re-opened. In 
however, if the pointer moves toward 
zero, the main piping and 
should be repaired or replaced. 


this case, 


leaks, 


OBSTRUCTIONS IN PRESSURE LINES 


Flush the pressure lines to remove 
sediment. It may be necessary to re 
place them if in an extreme case of 
the blockage cannot be flushed out 


Arr TRAPPED IN CYLINDER 


In normal operation, air will never 
accumulate under the float but, after 
emptying of the line or pressure pip- 
ing, absence of air may be assured by 
the following procedure : 

Close the valves at the main and 
throat connections to the meter, and 
open the equalizing valve. This allows 
the mercury float to lower to zero. On 


1956 
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meters using a square root-extracting 
float, remove the zero stop cover to 
the float air vent screw, and 
release any air accumulation below 
the float. Air in the cylinder above 
the float is released by other vents in 


reveal 


the cylinder cover. 


Arr TRAPPED IN PRESSURE LINES 
Vent air at all blow-off points, but 
do this cautiously to avoid an unex- 
pected shower. The lines, of course, 
should be properly graded so that no 
exist which will interfere 


| 
air pockets 


with free waterway through the pipes. 
Related Maintenance 


addition to the previously de- 


conditions which will cause 
inoperation, four other points 
occasional checking. 


CKING 


(sLAND 


Che stuffing box, as packed by the 
y, should not leak under normal 
pressure, If 


leaking does 


the stuffing box nut may be 
ehtened, but not too much so, since 
excessive friction and lag will result. 
lo add packing, shut off the main 
and throat valves and release the op 
erating Remove the knurled 
packing nut and pull the brass bush- 
ing from the gland. Add the packing 
and rey bushing and packing 
gland. When the packing becomes 
hardened after long usage, it should 
be completely replaced, using the spe 


pressure 


, 
reniace 


packing furnished by the manu 


clocks ana totalizer drive 
may be oiled lightly from time 
but avoid oiling other total 
hey may collect 


interfere with cor 


o time, 
, 

T mechanisms 
lirt, which will 


rect operation 


_ALIBRATION 


The accuracy of the meter de 
pends upon the dial pointer and total 
izer adjustment. Most 
furnished equipped with a water ma 
nometer outfit for setting and 
checking purposes. The manufactur 


meters are 
test 


er’s instructions should be followed in 
carrying out the checking procedure 


with a manometer. 


Keep chart pens clean to insure a 
Use the ink and 
charts recommended by the manufac 
turer, 
neat and valuable permanent records 


free flow of ink 


to insure that charts provide 
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Checking Dial Reods:- 
0-100 Percent 


Counterweight ——— 


15" Pipe Leg Support 
Must Be Set Plumb 


“Dia Copper Float — 
By S.V.&M.Co 


Float Guides - See 
View Above 


Mox._ Rote 


Zero Rote Eie 
Invert Of Flume 





E Dia. Hole in Bock Of Case 
For 2-Wire Power & 2-Wire 
Transmission Line — See 
Wiring Diagram 0/1/1948 








Note: 
Transmitter Equipped With 
Strip Heater (20 Watts) 


Suggested 5- Clear Woter 
Line For Continuous Backfeed 




















For Typical Detail 
See Dwg 0714215 


ARRANGEMENT 
fYPE "JF" ORTHOFLOW TRANSMITTER 
WATER FLOAT OPERATED 


DETAILS of stilling chamber and float-operated transmitting device. 


Gravity Flow Meters 


The second classification of meters 
includes the single head meters which 
measure gravity flows. Many primary 
devices are used, such as flumes and 
weirs of various forms. All these 
devices depend upon a standard head- 
quantity relationship, so that at any 
measured head or level, the flow can 
readily be determined by reference to 


a table or curve of graphic form. 

In order to maintain continuous 
metering, a cam is carefully ma- 
chined, with the head quantity curve 
embodied in it. For any given rise of 
a float responsive to the primary level, 
the meter mechanism is moved by the 
cam an amount equivalent to the 
flow value. 

The cam may be located within a 
transmitter if the primary device is 





remotely located from the registering 
point, or may be in the register itself 
when the float well is directly below 
the meter. 


Recommended Checking Procedures 
For Gravity Flow Meters 


From the standpoint of mainte- 
nance, the greatest potential difficulty 
in operating gravity flow meters is 
the single transmission pipe from the 
primary device to the float well. It 
must be kept clear of solids so that 
head changes can ge reflected quickly 
by the float. 

\ constant dribble of clear water 
into the float wel! is the best means 
of preventing clogging of the line. 
Keeping the float well filled with 
clean water (to the level in the pri- 
mary device) creates a very slight 
backflow toward the weir or flume. 
lhis, of course, tends to keep the 
fluid being measured out of the piping 
and the well. It is still 
however, to flush the connections oc- 
casionally with a pressure purge. 

To facilitate cleaning, all changes 
in the piping should be fitted with 
plugged tees rather than elbows, to 
allow rodding if the water purge 
alone does not suffice for cleaning 
purposes. 

In addition to the piping, the float 
and float well also must be clean and 
free from solids which would inter 
fere with free movement of the float. 
\ blow-off point should be provided 
at the bottom of the well to facilitate 
cleaning at this location 

[It is not always possible to provide 
the clean water dribble into the float 
pecial attention 


necessary, 


well; in these cases, 
must be given. Frequent cleaning is 





generally required, unless the fluid 
being measured is clear final effluent. 
A manual type force pump often is 
used for purging of this type. 


Minor Adjustments of Meters 


Finally, in addition to keeping a 
free flow of liquid between the pri- 
mary and the float well, the metering 
instrument must be kept in calibra- 
tion by following the manufacturer’s 
recommended procedure. The record- 
ing pen must be kept clean to insure 
free flow of ink, and certain parts 
must be oiled. 

Most standard meters are so sim- 


ple in construction that any operator 
should readily be able to assimilate 
its details and operating character 
istics, and to make minor adjustments 
by reference to the instruction book- 


lets provided. 

When testing or repairs of a more 
complicated apparatus are needed, 
consult the manufacturer’s field engi- 
neers. Unquestionably, this is proper 
practice with regard to equipment 
such as proportionate controls, sum- 
mation units, and the various forms 
of electrical transmission. 

With standard equipment, 
ever, it is possible for the operator 
to make his own adjustments and 
simple repairs without outside assist- 
ance. If each operator will familiar- 
ize himself with the salient points of 
his metering equipment, he can learn 
to make minor adjustments easily, 
and thus can save many hours or days 
that would be required in waiting for 
field engineers to reach the plant. 


how- 


Service engineers always are happy 
to supply information and to give the 
benefit of their experience and knowl 





R-32¢ 


edge. By close contact with the serv- 
iceman on the job, the operator can 
learn not only the principles involved 
in the construction of metering equip- 
ment, but the short-cuts of technique 
in repairing and adjusting it. This in- 
formation makes possible more efh- 
cient meter operation. An example of 
knowledge which can be gained by 
working with a service engineer in- 
stalling or repairing the equipment, 1s 
that of the points in each type of 
metering apparatus which require spe- 
cial attention 


Conclusion 


rhe condition of plant equipment 
is a good index of plant efficiency. 
Chere is no reason why any essential 
equipment should be allowed to re- 
main idle or in poor operating condi 
tion. Though there may be extreme 
cases where this is temporarily neces- 
sary, the slight extra expenditure of 
time and money required cannot bal- 
ance the loss of efficiency and of vital 
operating that result from 
faulty meter operation. 

It is the purpose of this discussion 
to bring to the sewage treatment plant 
operator’s attention a few of the 
remedies applied by manufacturers’ 
Although the need 
will, no 


records 


service engineers. 
for these representatives 
doubt, never be eliminated, it is be 
lieved that plant operators can adopt 
many of their techniques, and can 
improve maintenance programs on 
their own initiative. Operators who 
do so thus place themselves in a bet 
ter poistion to provide uninterrupted 
operation of a sewage treatment plant. 
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Syndets In Municipal Sewage 


By DON K. CROFT and SAMU=L D. FAUST 


Respectively, Proj. Engr., Baker-Wibberly, Inc. and Chem. W. A. Taylor Co., Baltimore, Md. 


SYMPOSIUM held under the 
auspices of the Amer. Chem. 

Soc. Division of Water, Sewage and 
Sanitation Chemistry reviewed and 
evaluated reports of the detergent 
t on sewage and water treatment.‘ 

lhe symposium concluded that there 
wide variations of opinion as to 

» practical effect of syndets in sew- 


effec 


' 
e, but whatever problems do exist, 
tinly are not of a temporary na 


* symposium on the subject 
by the Fed. Sew. & Ind. 
at its 25th meeting in 
York City in Oct. 1952. Water 
ent plants may soon be affected 
letergents in raw water. Culp 
Stoltenberg® presented a paper 
difficulties encountered 
Osawatomie, 


\ssns 


ribing the 

water at 

Surfactant use is on the in 

and will no doubt continue to 

England has contributed 

present day knowledge 

‘ct. Hurley’s statement’ 

thought is needed to make 

fact that the investigation 

hole problem of treating de- 

ts at the sewage works would 

need an immense amount of research 

work. The same is true of sewage 
treatment plants here in America. 


reating 


ACS symposium, no appar- 
made of 
analyses that would shed any light 
to the actual detergent content. 
lected on the problem, were 


ent mention was sewage 
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VARIATION of syndets during a week 


obtained by adding known amounts 
of the compounds to influents and 
effluents. Keefer’ was one of the 
first investigators to provide informa- 
tion on concentration and removal of 
this new constituent in sewage stating 
that, ‘“‘one of the reasons for the lack 
of information on the subject of 
syndets in sewage is, that many of the 
laboratories at treatment 
plants are not equipped to determine 
the detergent content of sewage.” 
This observation led to an investiga- 
tion for a simple, reasonably accurate 
method for the deter- 
these compounds, one 
plant operator 


sewage 


colorimetric 
mination of 
that a 

: s 
manipulate. 


sewage can 
Present Research 


In cooperation with W. A. Taylor 


— TUESDAY ————> «—- WEDNE'S DAY ———> +————- THURS DAY 


& Co., and using the method re- 
ported’, personnel at Hagerstown’s 
Sewage Disposal Plant conducted the 
research reported here. Extending 
over a seven-day period from Decem- 
ber 8, 1952 to December 14, 1952, 
samples of raw and treated sewage 
were collected every four hours. The 
hour and rate of flow were recorded 
simultaneously. The object of this 
work was to correlate and evaluate in- 
formation relative to the detergent 
content day by day, hour to hour, 
during any given day and rate of 
flow. 

In order to appreciate this informa- 
tion, it is necessary to use the graph 
method in recording the data. Figure 
1 shows the detergent content in parts 
per million plotted against days of 
the week, while Fig. 2 plots the de- 
tergent content in parts per million 
against sampling hours on three dif- 
ferent days. Figure 3 shows a graph 
of rate of flow and concentration of 
syndets plotted against time for a 
four-day running period. 

In Fig. 1 the maximum “syndet” 
concentration for each day is shown. 
The high for the week was 6 ppm 
which passed through the plant on 
Monday. This is attributed to “wash 
day.’ The low concentration occurred 
on both Thursday and Sunday. After 
Thursday, the concentration rose on 
Friday and Saturday (3.0 ppm) then 
dropped again on Sunday. This type 
of graph can provide helpful informa- 
tion for the plant operator. If neces- 
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VARIATION of flow and syndet concentration with time of day 


sary, special treatment can be applied 
to combat any damaging effect on 
sewage digestion processes. 

Figure 2 shows the study made 
every four hours throughout the day 
on Mon., Wed. and Sat. On Monday 
when the highest concentration (6.0 
ppm) was observed, the “syndet”’ 
concentration remained below 1.0 ppm 
from midnight to 8 a.m. From 8 a.m. 
to noon a big rise in the curve is 
noticed with the reading of 6 ppm at 
noon, as the high for the day. 
Wednesday’s curve decreased from 
midnight to 8 a.m., then rose to a 2.5 
ppm peak late in the afternoon. Sat- 
urday deviated from the patterns of 
other days, beginning low at midnight 
and 4 a.m. and rising through the 
day to a peak of 3.0 ppm at 4 and 
8 p.m. Generally the highest concen- 
trations were found from noon to 
+ p.m. during any given day. 

In Fig. 3, the syndet concentration 
and rate of flow are both plotted 
against time for four days. The upper 
curve is the rate of flow in million 
gallons daily, and the lower curve is 
the detergent concentration in ppm. 
Che two curves follow a general ris- 
ing and falling at the same time. The 
flow data, however, on Wednesday 
through Sunday were complicated by 
rainfall. For that reason, it would 
be unwise to designate a certain flow 
and attach a definite syndet concen- 
tration to it. 


Removals 


Data were also collected on syndet 
concentration in the effluent from 
the primary tanks and from the final 
effluent. These data are shown in 
Tables 1A and 1B. Data in Table 1A 
were collected across the plant at the 


same hour. Some retention or removal 
of the detergent by the solids is appar- 
ent, but the data in Table 1A actually 
represents three different samples ex 
amined. The samples collected for 
Table 1B allowed for detention time 
of the treatment processes and repre- 
sent more accurate results. These data 
also show retention or removal of the 
detergent. 

In order to determine whether or 
not any detergent is actually being 
removed by the solids, a test was made 
on an effluent from an aeration unit. 
As sampled, a reading of 3.0 ppm 
“syndet” was recorded. The solids 
were allowed to settle. Examination 
of the supernatant liquid gave a read- 
ing of 2.00 ppm. Again there is evi- 
dence of detergent removal 


The Future 


Since the domestic and industrial 
use of the surface active compound is 
increasing each year, it may be wise 
for the sewage plant operator to con- 
sider all possible situations. The big- 
gest problém lies in the excessive use 
of the detergent by the public. 

\nother possible variable, not taken 


into consideration, is the season of the 
year. We can safely assume in the 
spring, summer, and fall months 
there will be an increase in consump- 
tion of “syndets.” Larger laundry 
loads, and more car washings are 
among the contributing factors. 

The writers hope that this paper 
has contributed in some small way to 
knowledge of this increasing treat- 
ment problem. Hagerstown’s data are 
assumed to be typical of other cities 
and communities. 
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Table 1 


REMOVAL OF SYNDETS 


A—SAMPLES COLLECTED 


IN SEWAGE TREATEI 
AT SAME Hour 


Concentration of Syndets in ppm 


Raw 
Day Sewage 
Friday 


Monday noon 
(1 2.59) 


noon 2.0 
5.5 


Mondal a. m 

(12-8-52) 
Tuesday noon 
Wednesday p. m. 
Thursday p. m 
Friday Midnight 
Sunday a. m 

B—Samples Collected 

Tuesday 2.75 
Wednesday 3.0 


Settling Tank Effluent Trickling Filter Effluent 


1.0 0.5 
3.0 1.0 
1.0 


1 1 


Allowing for Detention Time 


W.&S. W. REFERENCE & DATA 





W.&S. W. 


Treatment 
Specialists 


FOR FIFTY YEARS 


Water and Industrial Waste Treatment 
Equipment to meet all requirements 


High Rate Softeners and Clarifiers 
Sedimentation and Settling Basins 
Flocculators e Filters e Zeolite Softeners 
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Vil. INDUSTRIAL WASTES 


HE PROBLEMS of industrial 
wastes are many, varied, and ex- 
treme. According to the U. S. PHS 
there are more than 10,500 industries 
which discharge liquid wastes. Of 
these, approximately one-fourth treat 
their wastes at least in some degree; 
another fourth discharge untreated 
wastes equivalent to a population of 
perhaps 60 million persons. Data are 
not available on the remaining 50 per 
cent but probably half produce or- 
ganic wastes and the remainder pro- 
duce inorganic or mixed wastes. 
With this tremendous waste load 
reaching the rivers, lakes and oceans, 
it is easily understandable that the 
industrial waste problem represents a 
large economic loss; a loss in salvage- 
able material, in corrosion, in in- 
creased costs of water purification and 
public health measures, and losses 
in property values and recreational 
areas. No one has calculated the ex- 
tent of the economic loss but it has 
been estimated to amount to several 
billion dollars annually. 


Quantities of Waste 

Some idea of the extent of the 
waste problem can be obtained from 
an understanding of the volumes of 
water used for industrial production. 
lable 1 indicates water requirements 
for some typical industries. 


Character of Wastes 

Industrial wastes are often classi- 
fied according to type of industry. 
The general classifications include: 
Chemicals, Fermentation, Food Proc- 


essing, Metal Processing, Mining, 


Petroleum, Pulp and Paper, Textile, 
and Miscellaneous. In these nine gen- 
eral classifications, there are approxi- 
mately different industry 
wastes. 

From the considerations of treat- 
ment, industrial wastes are often clas- 
sified as inorganic, organic, and 
mixed. In general, inorganic wastes 
require treatment involving chemical 
and mechanical (physical) processes ; 
organic wastes require treatment by 
biological processes and possibly also 
chemical and mechanical 
Mixed wastes will require treatment 
involving physical separations, chem- 
ical treatment and biological treat- 
ment. 


seventy 


pre cesses. 


Treatment Processes 
One of the most effective “waste 
treatment processes” is by product re 
covery and although this method of 
treatment may not show a profit, sale 
of the byproduct may reduce the cost 
of over-all treatment. Other opera- 
tions within the producing plant may 
also reduce the waste load leaving the 
plant without unduly increasing the 
costs of production. These operations 
include change of processes, separa- 
tion of cooling water, recycling 
wastes, and evaporation of highly 
concentrated wastes. Where these op- 
erations will not reduce the waste load 
sufficiently to make it acceptable to a 
municipal sewer system or to a re- 
ceiving body of water, then some 
form of treatment will be necessary. 
The extent of treatment and the 
processes involved depends on volume 


and concentration of waste, its toxic 





TABLE | 
Industrial Water Requirements 


Type of Industry 


Chemical Industries 





Starch ton 
Alcohol 
Amm. Sulfate ton 
Food Processing 

Beet Sugar ton 
Canning 
Meat 

Milk Products 


Textiles 


Cotton 


] 
Linen ] 


Rayon 
Wool Scouring 


Petroleum 


Oil Refinery 


Unit of Production 


ton of grain 


100 cases 
live units 


100 Ib 


00 Ib 
00 Ib 
00 Ib 
100 Ib 


100 bb! crude 


Gal of Water Used 
per Unit 


333 
20,000 
200,000 


25,00 
200 to 25,00 
16,000 to 55,00 
200 to 


1,000 to 3,000 
10,000 

8,000 to 10,000 
2,000 to 12,000 


,000 


content and the dilution available in 
the receiving water. For each plant, 
the solution selected should produce 
the desired result at the lowest pos- 
sible net cost. 

Among the unit treatment proc- 
esses which may be applied to wastes 
are those listed immediately below, 
but not every one of these processes 
is applicable to every type of waste: 

Aerobic biological oxidation 

Anaerobic digestion 

Chemical Coagulation 

Chemical Oxidation 

Chlorination 

Deionization 

Dewatering 

Drying 

Filtration 

Flocculation 

Flotation 

Incineration 

lon Exchange 

Lagooning 

Neutralization 

screening 

Sedimentation 

Spray Irrigation 

Vacuum Filtration 


Industrial Waste Surveys 


Where industrial wastes are dis- 
charged directly to streams and abate- 
ment of pollution is desirable, a sur- 
vey of the problem is the first step. 
Governmental bureaus are usually in- 
terested in such surveys and may par- 
ticipate. Within a community the sur- 
vey may be performed by municipal 
engineering services or consulting en- 
gineers. In any industrial waste sur- 
vey, no matter by whom conducted, 
the purpose is not to persecute indus- 
try but to establish the extent of the 
problem and the solution. 

The first step in an industrial waste 
survey is to obtain adequate publicity 
to the general public and the indus- 
tries emphasizing that the cooperation 
and aid of industry is the paramount 
consideration. The second step is to 
list and classify all industries within 
the area surveyed. From this classi- 
fication, industries having no liquid 
(except sanitary) may be 
eliminated. Other classes should be 
listed in order of known relative 
strength or importance. The third step 
is to request each industry by letter 
to appear at a conference with repre- 
sentatives of the organization making 
the survey. The fourth step is to con- 
duct an actual investigation of the 
sewers and wastes within a plant, the 
plant processes, etc. This part of the 
survey involves not only questions of 
plant management but also measure- 
ment, sampling and analyses of the 
actual wastes. From this information 
the solution to the problem usually 
can be devised. 


wastes 
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Industrial Waste Trailer 


i ee OF the essential activities 
included in the Greater Cincin- 
nati Metropolitan Sewage Disposal 
Program is the gaging, sampling, and 
analysis of trade wastes discharged 
by some 700 industries into the sewer 
system and which eventually reach 
the sewage treatment works. Such 
an operation is necessary to establish 
equitable rates based on 

strengths and to protect the 
system and treatment works 
and otherwise undesirable 


surcharge 
waste 
sewer 
trom tox 
waste constituents. 

that the 
measurement, 


It is imperative, therefore, 
field operation of flow 
compositing and pH deter- 
well as the laboratory 
arried out with the high- 


and 


sampling 
minatior as 
lvsis 
degree of precision 
Laboratory precision is rel 
easily attained, but 
field presents a variety of prob 
these problems, 


»ewage 


est 1 ossible 
accuracy 


| 


ativel\ accuracy 
combat 
of the 
Section have developed and designed 


| isp ysal 


several items of special field equip 


greatly increase the a 


field determinations 


ment whicl 


curacy ot 


General Construction 


Perhaps the most versatile and 


of these he indus 


devices is t 


waste gaging trailer designed en 
| 


1 
sewag aisposal eng! 


Fiq. |—INDUSTRIAL waste gaging trailer unit is arranged for 
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by ARTHUR D. CASTER 


eer for Sewage Disposal, Divisicn of Engineering, 


. « ert: ‘ r 
Works, City » ati, 


neering staff and built by mainte- 
nance personnel of the Little Miami 
sewage works. It is fitted with a 
pneumatic flow recorder, an electri- 
cally operated pH meter, and a pH 
recorder. A _ self-contained gasoline 
engine generator and electrically 
driven air compressor enable use of 
the trailer away from an external 
power supply. The equipment is all 
automatic and the trailer could 
unattended if necessary, al- 
it is not general practice to 


fully 
be left 
though 
do so. 

Figure 1 
struction of the trailer. 
trailer is an 
plus, l-ton with 
the body removed and replaced with 
a flat plywood bed. It is equipped 
with a standard ball-socket hitch, a 
hand brake and turn signals. Three 
jack-screws installed, one on 
each rear corner and one on the front 
tongue, to serve as adjustable leg 
supports to enable the trailer to 
stand by itself. Red signal lamps on 
each corner are for purposes of iden- 
tification at night. 

Structural steel angles were welded 
together to form a rigid frame fot 
the body box. The side and end pan- 


of marine plywood, hinged 


shows the general con- 


Army 


unit 


Che basic sur- 


two-wheeled, 


were 


els are 
at the top for opening and exposing 


maximum convenience. 


Ohio. 


the instruments and other equipment. 
A generous amount of space is pro- 
vided for tools and other items of 
equipment. 


Flow Recorder and Power Plant 

The pneumatic flow recording ap- 
paratus consists of a transmitter, a 
receiver, and accessories. The trans- 
mitter is of the air-bellows type pro- 
viding an output air pressure direct- 
ly proportional to the level over the 
crest of a 90° V-Notch weir. It is 
actuated by a bubbler pipe system 
which converts the head on the weir 
to an increased pressure of from 3 
to 15 psi. 

The receiver operates with a cor- 
rosion resistant metal bellows and in- 
corporates both a totalizer and a re- 
corder. The totalizer is driven by a 
110-volt ac motor; the recording 
chart is rotated by a synchronous 
electric clock mechanism 

The air pressure for the instru- 
ment is supplied by a 20-cfm electri- 
cally driven air compressor. The 
compressor is fully automatic and is 
furnished with a storage tank of 5- 
gallon capacity, intake air filters, and 
overload safety mechanisms. 

Power for the compressor motor 
as well as all other electrical devices 
on the trailer is supplied by a gaso- 
line-driven, 115-volt, 60-cycle, single- 
generator with a _ 100-watt 
power output. However, if an out- 
side source of electricity is available, 
it is used. Figure 2 shows the power 
and generator installation. 


phase 


plant 





Trailer Equipment List 


o ¢ rie Beckma 


Meter and B 














Fig. 2—GENERATOR and compressor bay. 


pH Meter and Recorder ° 


The pH apparatus includes a po- 
tentiometer, a recorder, electrodes 
and The recorder chart 


accessories 


is rotated by a motor drive operating 
at 115 volts. The electrodes are de- 
signed for direct installation in pipe 
lines or open channels and are pro- 
tected from damage by floating sol- 
ids. The potentiometer indicator and 


the recorder are mounted on the in- 
strument panel with the flow re- 
corder. The instrument panel is 
shown in Figure 3. 

All of the instruments and _ their 
appurtenances are mounted on 
springs for cushioning against shock 








Fig. 3—INSTRUMENT panel includes pH and flow recorders. 


encountered while moving the trailer 
from place to place. The air tube for 
the flow meter and the leads on the 
pH electrodes are of sufficient length 
that the trailer may be situated a 
maximum of 50 feet away from the 
gaging and sampling point. 

The compactness and _§self-suffi 
ciency of the trailer make it extreme 
ly useful to the Sewage Disposal Sec- 
tion. It has been in service only a 
few months, but has already 
considerable use, mostly in conjunc- 
tion with sewer damage investiga- 
tions. The benefits derived from the 
use of the trailer are expected in a 
short time to more than compensate 


seen 


for the expense involved in its design 
and construction. 

The following is an itemized ac- 
involved in the 
construction of the 


count of the costs 


design and 
trailer: 

lrailer (Army surplus)..... $ 99 
recorder (incl. 


Flow compressor 


and accessories ) 

pH meter and recorder 
(including 1,100 
245 
390 


accessories ae 
Generator 

Materials 

Design 

Construction 

Total 
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Simple Hydrogen Sulphide Determination 


N MAKING routine determina- 
tions of hydrogen sulphide in sew- 
age, sewage gas, and polluted waters 
it was found that the procedure as 
described in Standard Methods 
not satisfactory, due to the fact that 


Was 


polluted waters and sewage have an 
iodine demand. Therefore, a modified 
or special method of procedure was 
adopted. This special method is based 
upon the known fact that filter paper 
treated lead solution 
will darken when placed in contact 


with a acetate 
with hydrogen sulphide. It was found 
that 
with which any sample might be com 


by making a set of standards, 


pared, consistent and fairly accurate 


results could be obtained 


The Apparatus 


Che apparatus necessary for mak 


ing these determinations consists of 
a standard 500 ml. filtering flask, on 
the inside of which is placed an air 
diffuser made of a perforated alumi 
num tube connected to the flask’s side 
tube by means of a rubber hose. On 
the outside of the side tube there is 
attached the intake 
lhe lead acetate paper is held in place 
the the flask be 


tween a rubber ring, “A,” which is a 


rubber air hose 


on top ot suction 


Sus 


by GEORGE MARTIN 


for 


he iider 


funnel, and a 


standard Gooch crucible 
an ordinary 


standard Gooch crucible holder, “B,” 


two-inch 


as is ordinarily used with a filter 
flask. “A” are held together 
by a utility clamp fastened to a ring 


and “B” 


stand. The rubber hose which is at- 
tached to the glass tubing of “B” is 
connected to a suction device. 


The Procedure 


In making a determination with 
this apparatus the sample to be tested 
is delivered into the flask directly 
from a pipette through the aeration 
\ir is then drawn through the 


liquid for two minutes and by so do- 


tube 


ing the hydrogen sulphide passes on 
up through the lead acetate paper, 
discoloring it. The amount of hydro- 
gen sulphite is determined by com- 


paring the colored lead acetate paper 


with the standards and converting 
the results into the desired units. 

In order to operate this apparatus 
satisfactorily it is necessary that there 
be at least 100 ml the 
flask. Thus, if the sample being tested 


of liquid in 


is high in hydrogen sulphide, it be- 
comes necessary to dilute it with hy- 
If it is 


drogen sulphide free water 


desired to have the final results in 
ppm., this figure is arrived at by mul- 
tiplying the color comparison in mg. 
by 1000 (mg. per liter = ppm.) and 
dividing by the ml. of sample used. 
Example : Sample 10 ml. 
Water added to flask ahead of sam- 
ple 90 ml. 
Color comparison 
0.05 


0.05 
1000 
Ppm. 5 ppm. 

10 
may tested hydrogen 
sulphide content by passing a known 
volume through the above described 


Gas be by 


apparatus. 


Test Papers and Standards 

The lead acetate paper is prepared 
by soaking filter paper in a 10 per 
cent solution of lead acetate and dry- 
ing in an oven until approximately 
10 to 15 per cent of the moisture re- 
mains in the paper. The paper must 
then be kept in an air-tight container. 

Standards are made from a solu- 
tion of hydrogen sulphide prepared 
by generating hydrogen sulphide in 
distilled water from iron sulphide by 
the addition of dilute 
the solution being standardized by 


sulfuric acid, 


iodine titration. 





deed Acete® satutior 


Kilter Papers treated mith 
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VII. DESIGN AND CONSTRUCTION 


Miss AGEMENT, operation and main- 
IVE tenance of water and sewage 
works occupy most ol! the attention of 
persons engaged in the supervision 
and operation of water utilities or 
sewage facilities. Two other responsi- 
bilities often are assigned to such per- 
sonnel are: Design and Construction 
supervision. 

In many cases, consulting engineers 
are called in to do the design work 
and supervise construction but the 
water or sewage manager, superin- 
tendent or engineer frequently han- 
dles smaller jobs himself or at least 
must be familiar with the problems 
involved and the extent and progress 
of the work. The subject of design 
factors is best understood if he is 
familiar with the subject of water 
supply and sewage treatment. Con- 
struction, on the other hand, requires 
a knowledge of equipment, machines 
and techniques not used in plant op- 
eration. 


Trenching 


It does not matter whether it is a 
water utility or sewage works, the lay- 
ing of water mains or sewer lines in- 
volves the same problems and equip- 
ment. 

One of the common jobs in laying 
lines is that of breaking the pavement. 
Power-operated hand tools are neces- 
sary to this work. These may include 
hand held tools operated by com- 
pressed air, electricity, or self con- 
tained gasoline engines. These tools 
may be fitted for a wide variety of 
jobs from a chisel blade for cutting 
asphalt to a moil point for breaking 
concrete or foundation, or a narrow 
gad for removing brick or stone 
blocks. 

Portable air compressors of 60 to 
500 cfm capacity may be used for 
operating air driven tovls. The num- 
ber of water and sewage works which 
have their own air compressors con- 
tinues to grow as the need for and 
versatility of these machines becomes 
apparent to superintendents of water 
and sewage works. 

Next job after breaking pavement 
is that of excavating trenches. Trench- 
ing machines will save both time and 
money over pick and shovel excava- 
tion. There are many types of trench- 
ing machines available and their use 
depends on width and depth of trench, 
type of soil, presence of other under- 
ground facilities and other factors. 
The most common types of excava- 
tion equipment used includes trench- 
ers, back hoes, clam shells, drag scrap- 


ers and power shovels. 
Trenchers or ditchers may 

two kinds; one carries ten or 
digging brickets on a large wheel, the 
other on a boom. The latter is some- 
times termed a ladder-type digger. 
rrenchers are used for ditches up to 
4 ft wide, clam shells and power shov- 
els will cut any size trench, the former 
are used for deep trenches. 


be of 
more 


In digging trenches, provision must 
be made to prevent caveins in the 
trench walls. This usually is done 
with sheet piling properly braced. 
Backfilling must be done after the 
water pipe or sewer line is installed. 
For this purpose either a bulldozer to 
push the dirt into the trench, or a 
drag scraper may be used. When the 
trench is backtilied, the soil must be 
settled either by puddiing or by tamp- 
ing. Pneumatic tampers can be oper- 
ated by hand, or mechanical rammers, 
gasoline driven, may be used. 

Tunnelling is a necessity in many 
locations. House connections can 
often be laid in this way, using either 
boring or pushing machines. Holes 
of 2 in., 8 in. or up to 36 in. in diam- 
eter can be bored by special equip- 
ment. Pipe up to 4 in. in diameter can 


be pushed without tunnelling in good 


soi] for distances of 50 to 150 ft 
‘here are several makes of pipe push- 
ers on the marke: using hydraulic 
power, hand or gasoline motor. 

For large tunnels the Armco Co. 
furnishes liner plates for tunnels 
ranging from 4 to 33 ft in diameter. 
The construction of large tunnels is 
usually not in the domain of the op 
erating manager but laying water 
mains and sewers of nominal size is 
a problem he may face often. 


Dewatering 

When ground water interferes in 
the laying of water mains or sewers, 
it is necessary to remove it by pump- 
ing. Trench water is removed by dia- 
phragm or centrifugal pumps, oper- 
ated by gasoline or electric motor. 
Hand operated diaphragm pumps are 
also used where the quantity of water 
is not great. Centrifugal pumps must 
be self-priming and non-clogging. 
There are many dewatering pumps on 
the market. 

Another method of reducing water 
in trenches or other excavations is the 
well point system. Well points are 
driven to a depth of 5 ft or more be- 
low the trench depth and the points 
are usually 2 in. in diameter and are 
spaced from 3 to 6 ft apart, some 


2 to 5 ft outside the trench along one 
side. Lhese well points are connected 
to a single header connected to the 
suction of a pump. The depth, spac- 
ing, number of well points, etc. de- 
pends on the depth of trench, length 
of trench open and amount of water 
Excavations for building structures 
can be dewatered by the same system 


Installing Mains & Sewers 

The techniques of installing water 
mains is a matter requiring consider 
able skill, from the preparation of the 
bed to the lowering of the swabbed 
pipe and the jointing either with lead 
or sulfur joint compounds. The tech- 
niques of installing sewer pipe, par 
ticularly tile, does not require quite 
so much care in installation. On the 
other hand, more care and attention 
given to laying and jointing pipe the 
better the sewer, the less likely that it 
will leak or allow infiltration and the 
less the possibility of the entrance of 


tree roots. 


Concrete Construction 

Concrete is generally used for 
building foundations, manholes and 
sewers. Modern construction prac- 
tices generally use concrete mixed at 
a central plant or truck mixer. Forms 
for manholes, tanks, sewers, etc. can 
be obtained from manu fac- 
turers. 


several 


Prefab Construction 

In place of concrete structures, pre 
fabricated steel underground struc- 
tures are used particularly for under 
ground pumping stations on sewer 
systems. Many advantages are claimed 
for this type of construction. 


Materials of Construction 

Water lines require pipe; some 
cast iron, sometimes 
cement, sometimes steel. In addition, 
all pipe lines use valves (cone, butter- 
fly, gate, or plug) and fire hydrants. 
Sewer lines use sluice gates 


times asbestos 


Any list of materials of construc- 
tion must include corrosion resistant 
materials, such d$ ceramics, alloys, 
etc.; other materials include protec 
tive coatings, points, lacquers, plas- 
tics, rubber base paints, etc. 

In the building of water and sew- 
age facilities there are few materials 
of construction or equipment neces- 
sary to contracting that are not used 
The construction of water and sewage 
works makes up a significant part of 
the total construction value each year. 


W.&S.W.—RErFERENCE & Data—1956 








Cleveland “Baby Digger” averages 
3,500’ of 22’ x 36” water line trench 
daily, digging in clay and rock 


R. L. Eatherly of Carthage, Tenn. got good daily trench 
production with his Model 95 Cleveland “Baby Digger” 
on this water line contract in the Belshire Subdivision in 
Nashville. Averaging 3,500 feet per day, the Cleveland 
cut 4 miles of trench, 22 inches wide by 36 inches deep 
in curving roadways on a subsoil composed of clay with 
fairly heavy rock content. The Cleveland’s completely 
unobstructed operator visibility and the convenient 
grouping and location of its controls for easy accurate 
digging were definite advantages in cutting the curved 
trench. Just another example of the outstanding ability 
of Cleveland Trenchers to dig more trench ... in more 


. 


places ... at less cost. 


Talk it over with your Cleveland distributor 





CLEVELAND 
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Trenching Practice 


PART I—EARTH TRENCHING 


TRENCH is an excavation haviag 

vertical sides and considerable depth in 
comparison to its width. For purposes of 
this article it will be considered as being 
less than 6 ft. in width and not more than 
30 ft. in depth, which permits excavation 
by modern trenching machinery 

Trenches are dug for all kinds of pipe 
lines, including water, sewer, gas, oil, 
drains, conduits, etc. The large amounts 
of trench excavation made necessary by 
the instailation of pipe lines for the various 
uses has led to many improvements in this 
practice. 

Many of the early forms of trenching 
machinery such as the traveling derrick, 
the trestle cable excavator, the tower cable- 
way, the trestle-track excavator, etc., have 
all given way to the modern ladder type 
and wheel type trenchers. 

Modern trenching machinery 
perfected about 1910. It 
excavation plus fast rate of 


first 
cost 


was 
gives low 
progress. It 


by RICHARD BENNETT, C.E. 


City Engineer, Phoenix, Ariz. 

is a part of almost every pipe line con- 
struction job. Except for very small jobs, 
hand trenching labor is generally found 
inefficient and uneconomica!. If the ground 
is free of large, heavy obstructions, and 
not too hard, the modern trencher is very 
ethcient, 

Type of Trencher Most Suitable 

The type of trencher to use -vill depend 
upon local conditions. If the trench dimen- 
sions are small, and much maneuvering is 
required because of restricted conditions, 
then some of the smaller trenchers will 
prove best. 

Many consider the wheel type trencher 
is a harder digger than the ladder type. In 
hard and tough clays, for medium depths 

widths, this type is most efficient. 
These designs are generally limited in 
maximum widths and depths of trenches 
excavated, the maximum being about 3% 
ft. width and 8'4 ft. depths. 

Where trenches of greater 
depths are involved, the ladder 


and 


and 
must 


width 
type 














Parson's “Trenchliner'’—250—With Offset Boo 


hifted + , asire 


ente 
may 
++ ; 


harm 


or Doth 


may be 


perate 


des 


be used. If stones, not too large, are en- 
countered occasionally, the ladder type is 
more efficient to loosen them, being partly 
due to the vibration of the boom, whereas 
the steadiness of the wheel type excavator 
would not accomplish the same result. 

On most of the ladder type trenchers the 
boom may be telescoped so that the depth 
of the trench may be increased or decreased 
with little difficulty. 

In any case, if the digging is difficuit, 
then the high-powered types must be used 

Some trenchers are designed for use in 
cramped quarters, such as narrow alleys, 
parkways, close to curbs, buildings or othe 
obstructions, etc. With some the boom may 
be shifted to one side so that the trench 
may be cut close to side obstructions. 

Maximum service is desired in a trench 
er. They are subject to hard, grueling 
service, and their design should sacrifice 
nothing which would affect durability. 

With modern trenchers the spoil bank 
may be located on either side of the ma 
chine, or loaded into trucks or on conveyor 
as desired. The spoil conveyor will place 
the spoil bank back from the trench suffi- 
cient distance to give a good clean shoulder 
on which the workmen are not hindered in 
laying the pipe. When extensions are added 
to the spoil conveyor the desired height of 
the spoil bank may be secured to care for 
the earth from deep trenches. 


Trenching Methods 

If the trench is deeper than the trencher 
will excavate, there are two methods which 
can be used to gain extra depth without 
undue expense. (a) Excavate with scrapers 
sufficient depth from the surface and the 
full width of the trencher so that the 
trencher can excavate to desired grade line. 
Several feet of added trench depth can be 
secured in this manner. The spoil conveyor 
can be lengthened so that the earth may be 
removed either to spoil bank or to trucks 
as desired. (b) Under most conditions it 
is possible to remove about two feet of 
earth below the trencher cut, and throw 
the spoil back onto pipe already laid in 
place. Using two workmen, one with air 
spade and the other to shovel, this work 
can be done at a rather rapid rate of 
progress. Using the combination of these 
two methods, several added feet of depth 
can be economically secured. 


Estimating Practices in Trenching 

The trenching contractor is beset with 
many difficulties and uncertainties, there 
fore estimates must allow for many un- 
predictable contingencies. It is impossible 
to know exactly just what will be encoun- 
tered until the trench has been excavated. 
The trenching estimator must judge many 
factors to the best of his ability. 

A visual survey of many jobs will en- 
able the estimator to determine, with rea- 
sonable accuracy, whether the job will 
present many interruptions; on the other 
hand, too much dependence must not be 
placed on such surveys in built-up areas 
Questions concerning wells, excavations, 
etc., made previously in the area will reveal 
many facts. Many pipe line contractors 
have suffered great losses by not familiar- 
izing themselves with the underground con- 
ditions to be encountered. 

1956 
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Much experience is required to properly 
estimate different conditions and proper 
methods of pipe line work. Some estima- 
ors estimate the job as close as existing 

ita will permit, then add a percentage for 

method but little better 
guess. The estimator who 
determine costs on two or 
for the same job, is worthy 


ncertainties—a 


construction, the cost of 

is usually the major item, de- 

upon digging conditions. The kind 

‘Iived makes much difference 

costs. These increase 

the types of earth, somewhat 

light earths and sand; loam 

t clays: dry, hard loams and tough 

dense and tough adobes; coarse 
ravels, gravels: hard caliche; 
nd disintegrated granites. All these mate- 


is produce different unit costs 


costs 


cemented 
" 


Labor Costs 
or costs are not materially increased 
the light earths, sand loams and clays, 
ich costs are increased with the 
dense clays, adobes, varying with 
mount of pipe bedding required. Mud, 
ally if it is sticky, will greatly in- 
ysts. Unforeseen conditions, such 
boulders, water, caving soil 
ksand conditions will greatly 


| 


excavation, 
rental ; 
from job; and if water is 
ountered, then an allowance 

for water pumping and 


include 
equipment 


must 


Filing 
Hing, 


pense will include foremen; 
rs, helpers or swampers; 
laborers; timbermen; back 

us extra roustabouts. The 
ntendence and supervision can 


‘stimated as a percentage of 


and equipment 

a large item with 
determine the fixed costs per 
ntractor must make assumptions 
later adjusted in the light of 
Some depreciate trencher 

60 months’ total life; how 
ndividual pieces of equipment 
oth much longer and eve: 
an this. Some authorities 

of this equipment 
iation, 20 per 


repairs 
most 


costs 

llows: depre 

cent; interest, 

taxes, 7 per cent; miscellaneous 
, 


Total 


airs, 18 per msur 


fixed charges per year 


approximately 50 per cent of original cost 


ytal fixed costs per year 
ts of work 
ob cost for using tha 


l I 
h performed 


of the payroll should 
small tools. Miscellaneous 
for the work as the job 
average about 1 
payroll. Small jobs, 
is excellent, will produce 


generally 
unle ss 


Daily Cost Analysis Important 


The cost analysis of trenching for every 
should show the width and depth of 

of soil; the total footage ex- 

cavated; the number of cubic yards ex- 
cavated; the total overhead and operating 
expense of the trencher; the daily expense 
of trenching; the footage expense of 


trencl tvie 
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trenching; and the cubic yard expense of 
trenching 

The unit costs should separate excava- 
tion; pipe laying; back-filling; cleaning 
up, moving to and from job; and overhead 
he analysis should show minimum, aver 
age, and maximum day’s work and reasons, 
together with average of all items for the 
entire job. These data, kept up daily, will 
show and determine all leaks and losses on 
the job. 


PART IIl—ROCK TRENCHING 


What was said in Part I on trench ex- 
avation in dirt may also be almost wholly 
ipplied to trenching in rock. Rock trench- 
ing is a time and labor consuming proposi- 
tion. The fact that it is not often encoun- 
tered probably accounts for the great va- 
riation of methods adopted on different 
jobs. The technical literature contains al 
most nothing on this subject. Ask the 
manufacturer’s blasting experts and they 
merely say, “I will get you something on 
that.” (Period!) 


System Lacking in Rock Trenching 


Most rock trenching jobs have little or 
no system. Costs are high, progress is 
slow, and those in charge make little or 
no endeavor to find the most economical 
method for that job. 











In rock trenching the quality and quan 
tity of the rock will generally determine 
the proper method of excavation. For 
economical work it is necessary to give 
much thought and attention to the job 
methods. 


The types of rock encountered may vary 
from hardpan to dense, tough granites; 
each will require a different method: of 
drilling and shooting. 


There does not seem to be any current 
standard practice in the spacing of drill 
holes. Each foreman seems to have his 
own pet ideas—very few of which would 
stand much investigation from an efficiency 
viewpoint. 

Proper spacing of drill holes will depend 
on the nature of the rock and local condi 
tions, but cut and try methods must be 
utilized to ascertain the most economical 
method. 


Drilling Requirements 


The number of feet of hole to be drilled 
per cubic yard of rock to be excavated will 
vary greatly with different jobs, conditions 
and job methods. Spacing will depend upon 
nature of the rock and width of trench 
Properly determining this factor requires 
much ability on the part of the job man- 
ager. This determines ultimate unit costs 





For average rock the following table 
may be used to determine trial hole spacing : 


Number of rows 
of holes 


W idth of trench 
( feet) 


6 


The outside row of holes should be in 
line with the trench wall. It is seldom. that 
cross-trench hole spacing greater than 3 it. 
can be successfully used. .At times the 

ngitudinal spacing can be increased to 4 
it. or even slightly more, especially in the 
wider and deep trenches. The greatest 
economy is secured in using maximum 
depth for holes. 

The necessity for protecting adjacent 
structures, whether underground utilities 
or nearby buildings, will influence drill 
hole spacing. 

If power excavation equipment is to be 
used, it is seldom possible to blast a single 
line of holes down the center of the trench. 
With but one line of holes too much pro- 
jecting roc remains to be loosened by pry- 
ing and barring by hand methods, thus 
greatly increasing costs 

Care must be take: to keep the drill 
holes clean until they are loaded. If the 
hole contains debris or water, this is best 
removed with compressed air. Ice frozen 
holes may be cleaned out with steam; this 
also warms the hole sufficiently so that the 
explosive will not freeze. A wooden plug 
should be driven into each hole as soon 
as the drilling is completed, to keep out 
extraneous materials; this also aids 
in finding the hole later. 


plug 


A Well Braced Trench 


Proper Quantity of Explosives 


Determining the proper amount of ex- 
plosive to use will require trial and error 
determination. Experience and good judg- 
ment helps very much. In any case care- 
fully kept notes and records are of im- 
mense value. 

In trench blasting only one narrow face 
is open, therefore more explosive is re- 
quired than for open surface blasting. The 
amount and strength of dynamite to prop- 
erly use will depend upon all the factors 
mentioned for spacing of drill holes. The 
amount of explosive required per cubic 
yard of rock removed will depend upon the 
mature and type of rock and the method 
adopted. The amount of explosive per hole 
may be limited by the necessity for con- 
trolling flying rock, excessive noise or 
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vibrations, and danger to nearby under- 
ground utilities or adjacent structures of 
any nature 

Dynamite is generally used for trench 
blasting; the grade-.used depending upon 
the type and quality of rock encountered. 
The quantity required may range from 
about 3% Ib. per cubic yard in soft sand- 
stone to 3 lbs. or more in the hard, dense 
rocks. 

Different rocks and formations do not 
blast alike to meet given conditions. The 
specifications for the work may limit the 
amount and kind of blasting that may be 
done on the job. Oftentimes blasting is 
restricted due to local conditions 


Selection of Proper Explosives 


The type of explosive to use will de- 
pend upon the type and quality of the 
rock; local conditions; etc. The greatest 
waste in explosives is in using a grade 
or type not suited to the job at hand. A 
iow grade of explosive should be used 
for soft, weathered rock; to use high 
grade explosive here, is to waste much 
of the explosive energy. High power ex- 
plosives lack propelling power when used 
in blasting soft rocks. 

Too many use only one type and grade 
of explosive — generally 40 per cent 
strength. This 1s poor economy. Some 
arbitrarily use 60 per cent to secure suf 
ficient shattering and also to loosen rock 
bound in place. If the rock is not shat- 
tered sufficiently, then a higher grade 
should be used. If the rock is shattered 
too much, then a lower grade should be 
adopted for the job 

A high power explosive should be used 
for hard, firm rock. If the bottom of the 


hole does not shoot properly, then it may 
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Buckeye Model 120 Trencher 


' 


a high grade explosive at by either blasting or subsequent break- 
cases place the firing age 
top of explosives so that For deep rock trenches the use of drag 
gases will tend to concen- line or pull-shovel is most economical 
bottom of the hole, thus pro- These types of equipment are well suited 
rupture at that point for this work. The rock must be thor- 
it shattering must be secured to oughly broken up, and the wall sufficiently 
removal of the rock from the straight not to hang up the shovel. Rocks 
s not possible to use ladder too large to be removed by the bucket 
type of trenchers for rock trenching, ex- should be hoisted from the trench with 
cept in the very soft formations. A pull chains. , . 
shovel or trench-hoe may often he used Limestone is easily drilled. It is occa- 
to good advantage in rock trenching sionally foun? in horizontal layers, and 
may be blasted like building stone. In 
seamy formations, the holes must be close- 
ly spaced to retain the force of the ex- 
he rock may be plosion. Seamy rocks permit the explosive 
hand excavation gases to escape and the full effect is not 
into small pieces retained in shattering. Seamy rocks, lying 


Rock Excavating Equipment 





at an angle cause the drills to stick and 
straight walls may be secured in blasting 
bind in the hole. Relatively smooth and 
soft sedimentary rocks. 

Granite and igneous rocks break out 
in rough, irregular walls. If the holes 
are thoroughly and tightly tamped, then 
the explosive will give most effective re- 
sults, due to confining the explosive gases. 
Trap and quartzite are generally difficult 
to drill. 

Two factors should be kept in mind 
at all times in rock trench excavation: 
the number of feet of hole drilled per 
cubic yard of neat excavation; and the 
amount and strength of dynamite used 
per cubic yard of excavation; both of 
which sum up to: cost of breaking up the 
rock for satisfactory removal. 








80 rods 


LAND MEASURE 


{ Ouarter Section of 160 Acres Divided to 
Show Relationship of Rods, Chains and F eet 


A rod is 16% feet. 

A chain is 66 feet or 4 rods. 

A mile is 320 rods, 80 chains or 5,280 ft 
A square rod is 272% square feet. 

\n acre contains 43,560 square feet 

An acre contains 160 square rods 


An acre is about 208% feet square 


20 chains 





10 chains 








660 feet 


660 feet 








40 acres 


1,320 feet 
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Design of Minor Sanitary Sewers 


A> IS TRUE with most design 
practices, sewer designers as well 
as the regulatory agencies have de- 
veloped sets of minimum standards 
have 
[hese standards are generally good, 


which become widely used 
but they present a real design prob 
lem when applied to conditions cov 
ering values of such small magnitude 
that calculated values would be below 
the minimum 

This principle holds true particu 
larly for the design of minor sanitary 
sewers which, on the basis of present 
standards, are 
of less than 50 to 60 acres in 


sewers serving areas 
similar 
areas in which the available fall is 
less than 0.4 per cent. 
\t present, sanitary 
serve small areas are generally de- 
signed on the basis of minimum grade 
and size. It is the author’s opinion 
that these sewers should be designed 
primarily with respect to velocity, 
cost and accessibility for cleaning 
rhere is ample evidence in practice 
to indicate that these are the impor- 
tant criteria. Minimum grade require- 
well 


sewers to 


ments have been established, as 
as manhole spacings, by many cities 
and states in an effort to insure ade- 
quate cleaning velocity; but the im- 
portant thing, so frequently forgotten 
by the designer, is that these criteria 
are based on sewers flowing full or 
at least half full. A typical set of 
standards is reproduced in Table 1. 

If an engineer designs a sewer us 
ing grade as the criterion, inspection 
of Table ] 
0.4 per cent grade available he might 
well select the next larger size 
in order to conform to the minimum 


shows that with less than 


sewel 





TABLE 1 


Minimum Grade—Size Relationships 





Fall, 
Ft/ 100 Ft 
0.41 
28 
0.16 


1? 


Size, 


Inches 


ra) 
\ vu 


0.08 





by GEORGE W. REID 


specifications. The fallacy of this 
technique is that reduced relative ca 
pacity (percentage flowing full) re- 
sulting from using a larger 
may cause less desirable velocity con- 
ditions (Table 2) than would have 
been achieved by using the small sec- 
tion on the given grade, even though 
the grade would be less than the spe- 
cified minimum. 

Several instances are known where 
this practice has resulted in 12-inch 
sewers feeding into 10-inch 
because of reduced grades. Lift sta 
tions are the answer, of course; but 
they.should be used on a planned 
basis for large areas—not on small 
areas or small discharges 

If sewers serving small areas are 
designed on the basis of minimum 
size, the actual velocity may be so re- 
duced, due to lower operational ca- 
pacity, that it might well have been 
better to reduce the size even below 
the minimum 

Table 3 illustrates the problem of 
using 8-inch sewer as a minimum size 
in small areas, with a minimum grade 
of 0.4 per cent. A normal city block 
lateral generally will serve ten to fif- 
teen houses, utilizing only 5 or 6 per 
cent of the available capacity of an 
8-inch This is not 
average conditions, but on estimates 
of maximum conditions 


sewer 


sewer;rs 


sewer based on 





TABLE 2 


Relationship of Sewer Depth to Sewer 
Velocity Flowing Partially Full* 





Depth as a Percentage Velocity as a Percentage 
of Full, 


d/Dx 100 


of Design Velocity, 
v/V x 100 


40 
62 
78 
90 
100 
107 
112 
114 
112 


100 





*Using Manning’s formula. 


lo illustrate the importance of 
these considerations, the 
example is given: 
Assume it is desired to design a 
lateral block of 
\ topographic survey re- 
veals that only 0.3 per cent grade is 
available. 
would be 
10 x 4 x 70 
1,440 
Setting up the computation proce 
dure of Table 4, 
sewer and resulting velocities under 


followi 


ig 


sewer for one city 


ten homes 


Che actual design flow, q; 
5.8 gpm. 


the various sizes of 


actual conditions of discharge can be 
investigated. 

The value of v/V is 
from Figure 1, in which g/Q is 
plotted against v/V; then V(v/V) 
will give the actual value of velocity 
in the sewer. It will be noticed that 
a 6-inch sewer on 0.3 per cent grade 
will provide slightly better velocity 
characteristics under the conditions 
stated than any of the larger size 
sewers, whereas the minimum grade 
for a 6-inch sewer is 0.63 per cent. 

It will be noted also that the 8-inch 
and 10-inch sewers will have approx- 
imately equal velocities, but the 8-inch 
sewer would be 10 per cent cheaper 
to install than the 10-inch one. 

This is an example wherein the en- 
gineer should be allowed to 
by putting in an 8-inch sewer 
on a grade less than the standard of 
0.4 per cent, rather than the 
larger size 


determined 


econo- 
mize 


next 





TABLE 3 


Relation of Minimum Sewer Capacity 
to Number of Homes Served 





Percentage of Design 
Capacity 
q/Q x 100 


] 

3 
10 
25 150 
50 300 
100 600 





*Assuming unit flow of 70 gpcd and Qs 
to Qaesign of 3 with four persons per home; 
8-inch sewer on 0:4 per cent grade. 
W.&S.W. 
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PLUMBERS — CONTRACTORS — WATER 
AND SEWAGE WORKS OFFICIALS 


“Spring Load” Tools will Save You Time and Money 


Thousands of plumbers, and contractors, water and sewage department officials, public 
works department heads and others specify “Spring Load” because they know these tools 
do the job quicker and with less maintenance. To save time is to save money and 
you can do it with Spring Load cutters, tenon tools and vises. The right tool for every job 
is a good investment. 


MODEL B TENON TOOL 
4” to 8" pipe. . . $195.00 10” to 20” pipe. . . $315.00 
Recommended by leading asbestos-cement pipe manufacturers, the Model B is the only 
tool which will make all the cuts and profiles necessary for modern asbestos-cement pipe 
installations. Saves engineering time by eliminating the need for figuring and specifying 
short lengths. 

®@ Ring-Tite Couplings ® Roto-Split Flanges 

@ Fluid-Tite Couplings . © Poured Flange Assembly 

® Simplex Couplings ®@ Tapered Couplings 

® Making Closures and End Facing 

Completely automatic feed and quick release make the Model B the fastest tenoning tool 
developed to date. Simply change the cam plate to adapt the tool for cutting any type 
profile. 
TENON TOOL ALSO AVAILABLE IN A STANDARD MODEL FOR SIMPLEX 
COUPLINGS ONLY — 4” to 8” pipe $90.00 10” to 20” pipe $172.00 


CAST IRON AND STEEL PIPE CUTTERS 
Model 6 cuts Cast Iron, Duriron, Vitreous Clay 
Water pipe and Cement Sewer Tile — 2” to 6” pipe . . . $42.50 
Model 12 cuts Cast Iron, Duriron, Vitreous Clay 
Cement Sewer Tile and Steel (with simple changeover to 
steel wheels) — 4” to 12” cast iron pipe, etc. . . . . $84.75 
Pee &” te US” Ger lest pipe emily . wt ltl ttl thc hl lw OOS 


Both of these Spring Load Pipe Cutters are heavy duty, precision-built steel-cast cutters 
designed to exert equal pressure all around the pipe. Cuts are clean and straight, without 
ears, depressions or splits. Simple and easy to use, the cutters are as practical in the field 
as in the shop or on the stock pile. Cuts pipe many times faster than ordinary tools and 
methods. 


ASBESTOS-CEMENT PIPE CUTTER — 2” to 8” pipe . . $75.00 


You get easy, fast and clean cutting on any asbestos-cement pipe with this on-the-job 
tool. Practical in the field, at the shop and on the stock pile. Field proven, this tool reduces 
cutting time 50 Lightweight—easy to use—no pipe spoilage. Extensions available to 
increase capacity to 24” pipe 


GRAVITY GRIP VISES 

No. V-6 — for 2” to 6” cast iron and steel pipe . . . . . . $24.75 
No. V-12 — for 6” to 12” cast iron or steel pipe . . . . . . 44.75 
No. V-20 — for 4” to 20” asbestos-cement and clay pipe . . . 44.75 


The quickest set-up for holding pipe ever devised. Especially designed for use with Spring 
Load Cutters and Tenon Tools, the Gravity Grip Vise firmly holds the pipe at a conven- 
ient working height and angle 


Send for descriptive literature and price list. 


All Spring Load tools are unconditionally guaranteed against 
faulty workmanship or faulty materials. 


SPRING LOAD 


MANUFACTURING CORPORATION 
3610 First Avenue South Seattle 4, Washington 
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These velocity values actually 
should be increased to allow for the 
decrease of tractive requirements as 
the sewer flows partially full. The 
approximate values are given in 
Table 5. In the foregoing problem 
the adjusted velocities would be of 
the order of 0.60/0.65 0.92 feet 
per second. 

In dealing with small areas, actual 
house counts, rather than population 
per area values, should be used to 
ascertain the correct discharge. The 
U. S. Bureau of Standards measured 
house sewage flows and arrived at the 
following maximum for coincident 
discharge—at least once in 24 hours: 


Max. Coincident 
Number of 


Houses 


Daily Discharge, 
GPM 
| 


0 
0 


Using these values for discharge in 
the previous illustration, and adjust- 
would raise the 
lable 6. 


ing the velocities, 
velocities as shown in 

If these reliable, then 
the engineer has roughly a velocity 
safety factor of three. In any event, 
the calculations indicate 
that almost any of the sizes will do 
equally as well velocity wise for the 
areas under consideration. From the 
standpoint of they 
will rank in ascending order of 1.00 
1.15, 1.25, and 1.40, respectively. The 
savings on a single lateral of 8-inch 
over 10-inch might be from $150 to 
$200 at current prices 


values are 


foregoing 


price, howev eT, 


It might be argued that an 8-inch 
sewer on a 0.4 per cent grade, plus a 
lift station, would have the 
proper solution of the problem given. 
But inasmuch as a lift station to han- 
dle such low would be a nui- 
sance, and would cost, if built on 
minimum specifications, approximate- 
ly $3000, it should be resorted to only 
when a larger area is involved. 


been 


flows 





TABLE 5 


Variation of Carrying Velocity with 
Percentage Flowing Full 





d/D 
Per Cent 


The technique of approach illus- 
trated uses only a Manning formula 
chart, and Figure 1 can quickly ad- 
vise an engineer as to which of sev- 
eral sewers will provide the best 
velocity characteristics at the least 
cost when dealing with small areas 
and low grades. 
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40 


Percentage of Design Discharge (q/Q) 


Percentage of Design Velocity (v/V) 


Fig. I—RELATIONSHIP of discharge and velocity for sewers flowing partly full. 





TABLE 4 


Computation Procedure for Study of Discharge and 
Velocity for Various Sizes of Sewer 





D* Q v* 
GPM Ft/Sec 


140 
290 


Inches 


7/ 
520 


850 


q/Q 
Per Cent 


Increased Cost 
Per Cent 


v/V v 
Per Cent Ft/Sec 


0.68 
0.61 
0.60 
0.53 





From a Manning formula chart 





TABLE 6 


Increase in Velocity When Adjusted for 
Maximum Coincident Daily Discharge 





q/Q 


V Adjusted 
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HUNDREDS OF INSTALLATIONS 
—IN 27 STATES 


PROVEN QUALITY WITH 
FACTORY-BUILT SAVINGS 


oo: ae Ne es ase LE, elt eee 





LET US TELL YOU ABOUT THE 


FACTORY-BUILT 


“MON-O-JECT” 


SINGLE PNEUMATIC 


SEWAGE EJECTOR 


RECOMMENDED FOR SMALL PROJECTS 





WITH CAPACITIES OF 20 GPM TO 100 GPM 


HIGHEST QUALITY COMPONENTS 
ASSEMBLED BY FACTORY EXPERTS } 





IT WILL PAY TO INVESTIGATE ; 


Smith & Loveless 


“WAY-0-MATIC” 


FACTORY-BUILT 


SEWAGE EJECTOR 


h 
A duplex ejector station containing the 
ejector which operates 


‘Way-O-Mat ic 

without sewage coming n 
tem 

any part of the control sys 


contact 





with 


Sumtth & Lauveless, Due. 


P.O. BOX 8172 
MANUFACTURING. PLANT 


W.&S.W.—Rererence & Data—1956 


Smith & Loueless 
FACTOR Y-BUILT 
| PUMPING STATION 


i, 


+ 


SL : 
loveless, Inc. Pat. Pend. 


Smith & Loveless specialize in building America’s Finest Lift Stations. 
A complete line of six standard size lift stations with capacities from 
20 GPM to 1600 GPM per pump or ejector. Large capacity stations 
are built to your order. 

Hundreds of installations throughout the country testify to the 
superior quality of Smith & Loveless Factory-Built Sewage Lift Stations. 
Smith & Loveless combine quality components into an integrated unit. 
This results in savings for you through the economies realized by 
using trained personnel working with standardized designs in a plant 
where unnecessary handling and waste are eliminated. 

e An integrated design, each piece proven by the test of time. 

@ Precision assembled by factory experts. 

e Automatic dehumidifier to elimincte condensation. 

© A central electrical control cabinet pre-wired and 
color coded. 

Shot blasted steel structure, epoxy coated, plus 

Cathodic protection. 

Factory tested and adjusted by actual operation 

before shipment. 

Easily and quickly installed. 

e Especially designed for minimum maintenance. 


> 


For Job Recommendations, complete specifica- - V3 
tions, and drawings — all part of the latest edi- Sm 
tion of the 100 page Smith & Loveless lift station 

Data Manual... Write Department 20D 


REPRESENTATIVES 
IN PRINCIPAL 
CITIES 


eee ee eee ee See eens a. 
MERRIAM, KANSAS 





Design of Sewage Pumping Plants 


A practical method of estimating present and future capacity needs 


Asst. Civil Engr., Bur. of Engineering, City 


NE might say that the design of 

a sewage pumping plant is only 
a series of estimates. Actually it is a 
pyramid of estimates. Everything 
from the area to be drained to the 
final construction is based on calcu- 
lated estimates. 

Unfortunately engineering is not 
perfected to the state of being an 
exact science which would make the 
design of a pumping plant a simple 
mathematical problem. Published 
literature shows that opinions differ 
greatly in the methods used to arrive 
at these estimates. 

The following discussion includes 
four items which must be estimated 
in the design of a sewage pumping 
plant : 

1. The design capacity of the plant 

2. The flow rate of the sewer system 
3. The pump capacity 
4. The reservoir capacit) 

Sewage pumping plants can be 
broken down into two 
without storage, the other with stor 
age. The type without storage is suit 
able in cases where there is a large 
flow of sewage with a small change in 
rate of flow. The type with storage 
is suitable for any type of flow. 

The methods which will be 
cussed are well suited for economical 
design of a pumping plant using stor 
age. Also, [ methods 
apply as well to a pumping plant with 
out storage. 


classes: one 


dis 


some of these 


Design Capacity 

The first thing that must be esti- 
mated is the design capacity of the 
plant. The design capacity is defined 
as the planned total daily flow through 
the plant. This capacity is based on 
tributary area, the limits of which 
are defined by the natural terrain or 
the sewer layout. 

The flow from any given tributary 
area may be estimated in either of 
two ways: 

1. Based on population ; 

2. Based on zoning characteristics. 

The first method is best suited for 
residential areas, while the second 
method is best suited for commercial 
and industrial areas. 

If the past and present populations 
are available in the Federal census, 
the future population can be esti- 
mated by expanding the population 
along a biological growth curve. 


By RAYMOND G. MARTIN 


If the estimates are to be based on 
zoning, consideration must be given 
to terrain and environment. This 
means accounting for such features 
as rivers, hills, transportation, and 
utilities. 

The basic flow units, such as G.P.D. 
and C.F.S. per acre, may be based on 
actual measurement of similar areas, 
such as sewer gaugings and previous 
pumping records, or on zoning co 
efficients when available. The flow to 
be considered should be the average 
of the three peak months of the year ; 
for the Los Angeles areas these are 
January, February and March 


AV6 RATE 


= 
9 
ny 
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N 
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f Los Angeles, Calif. 


Flow Rate 

Having arrived at an estimate of 
the average daily flow, it is now neces- 
sary to determine how this flow will 
arrive at the site of the pumping plant. 
The best method to do this is to draw 
a flow rate curve as illustrated in 
Fig. 1. 

The flow rate curve is a curve 
which defines the rate of flow at any 
hour of the day. The average rate of 
flow is shown on the curve. 

The curve shown here is a typical 
curve of a normal rectangular resi 
dential area. One extreme curve may 
be found in the flow from an Army 
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Fig. 2>—EXPANDED MASS CURVE Fig. 2a for plotting pumping frequency 


Pump operates at fixed rates when reservoir is filled to capacity. 
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PUMP CAP 
G.PM. 


QUANTITY 
100,000 GALS. 
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Fig. 2a—MASS DIAGRA 


ff 


5 Qua 


Below: S / 


camp where exaggerated peaks are 
found time the blows 
Another extreme case is found in the 
flow a 24-hour packing plant 
where the flow is constant at all times 
of the day 

Che peak factor is a ratio of the 
flow to the peak flow. The 
curve in Fig. 1 has a peak factor of 
1.66. Note that the curve also shows 
a secondary peak in the evening. A 
normal curve has a peak factor vary 
ing from 1.3 to 2.2 

[he rate of flow from a given area 
may be estimated from actual meas 
urements, or by considering the time 
of concentration of the sewer system, 


every bugle 


trom 


average 
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“ 


tra 


M developed from rate curve 


te ¢ 


or by comparing the given area with 
other areas of similar characteristics. 

The future flow be esti 
mated by expanding the rate 
curve by the increase calculated in the 


design capacity. 


may 
flow 


rate 


Mass Diagram 


Having established the flow rate 
both present and future, a mass curve 
or mass diagram can be drawn, from 
which both pump capacity and reser- 
voir capacity can be estimated. The 
mass curve illustrated in Fig. 2a was 
developed from the flow rate data 
comprising Fig. 1. 

The mass curve is defined as the 


accumulated inflow at the pumping 
plant at any hour of the day, and is 
derived by integrating the flow rate 
curve from any zero hour, in this case 
considered to be 12 o'clock midnight. 
This means that the area under the 
flow rate curve between zero hour and 
any time of the day is equal to the 
ordinate of the mass curve. Another 
way of stating this is that the mass 
curve defines the total amount of 
sewage that arrives at the pumping 
plant between hour and any 
specific hour of the day. 

Thus the slope of the mass curve 
equals the rate of flow. It is these 
two features that make it possible to 
plot a picture of the operation of a 
pumping plant and therefore pick a 
good combination of pumps and res- 
ervoir capacity. 

At this point, I should add that it 
is necessary to estimate the life of the 
structure and pumps. A reasonable 
life for the structure is 40 
However, some engineers like to use 
50 and 60 years. 

\uthorities differ considerably on 
what is a reasonable life of a sewage 
pump. For secondary reasons, ten 
years will be considered the life of the 
pump in this example. 

As you can on the diagram 
(Fig. 2a), there are two curves. One 
is the present flow, and the other is 
the flow ten years from now, or 1.8 
times the present flow. For sim- 
plicity, this is to be considered the 
ultimate flow. 


zero 


years. 


see 


Pump and Reservoir Capacity 


An expanded section of the mass 
curve (Fig. 2b), how the 
pump operation can be plotted directly 
on the curve. As mentioned before, 
the ordinate of the curve equals the 
accumulated inflow. The slope of the 
curve equals the inflow rate. The 
pump capacity is the slope of the 
pumping line. The storage capacity 
is a fixed ordinate. The time is meas- 
ured on the abscissa. 

Starting at a point on the mass 
curve, a horizontal line is drawn to 
the right. This represents the filling 
of the reservoir; it is considered full 
when the difference between this line 
and the curve equals the storage ca 
pacity, a vertical dotted line. From 
the point on this line where the res 
ervoir is full, a line is drawn with a 
slope equal to the pump capacity. This 
line represents the pump in opera- 
tion. At the point where this line in- 
tersects the mass curve, the pump 
shuts off and one cycle is complete. 
The picture now shows the time that 
the pump is idle and the time that the 
pump is in operation. 

To help in picking a suitable pump, 
a series of pump capacities is drawn 


shows 





in the upper left hand corner of the 
diagram (Fig. 2a) making it easy to 
choose a pump capacity which closely 
matches the mass curve. 

he example shows the plotting 
of pump operation for the entire day. 
[his is done for a given storage ca 
pacity and pump capacity. If the 
operation is not suitable for the ca 
pacities chosen, they may be altered 
and the operation plotted again. This 
is done for both present and future 


curves 


If a straight line is drawn between 
the two end points of the mass curve, 
it would represent a pump capacity 
which handle the total 
daily How 
ever, 


just 


and never shut off 
a quick glance at the 


1 1 


necessary wi SI 


would 
flow 
storave 
capacity 
impractical this combination \ 
\t the bottom of the diag 
dashed 


cle ar picture 


can see two lines 
done to 


operation 


show a 
The 


the pumps in operation. Thus a s 


] . 
solid area represt 
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line would indicate the run- 


ning continuously. 


pump 


In this manner the pumps and res- 
fitted to the sew 
an economical 


ervoir are actually 


age flow, thus making 


design 


This 


was 


method is not for it 
used in other ways long before 
! was born. However, I feel that it 
still provides a good straightforward 


new, 


approach to the design of a sewage 


pumping plant 


Garden Hose for Pump Packing 


An economical and long-wearing material 


N our sewage treatment plant we 
| have two sludge pumps of the pis 
ton type that leaked very badly 
pump room floor and 
always messy and wet which also gave 


Mur 


were 


pumps 


an impression of poor housekeeping. 
The packing would again leak 

badly a week after renewal and with 
in four to six weeks“would be com 
pletely worn out. This frequent 
changing of packing naturally runs 
the maintenance costs of these two 
pumps extremely high; in fact, way 
proportion to costs ol 


very 


out of main 
tenance of other equipment 

Having heard or read of the use of 
garden hose for packing, we decided 
to try garden hose in 
place of the %4 
types 
any of them. 


discarded 54” 
" packing, after having 
without much to 


tried several 


choose between 


Preparation and Use 
of the Garden Hose 


You first “‘soak” the hose 
oughly in oil so it will slide 
readily; then, cut it to the approxi 
mate length. A piece of wood about 

wide and 4” thick, with the length 
most convenient to the user, is low 
ered to the bottom of the stuffing box 
and marked to indicate the top of the 
stuffing box. With this marked stick, 
when the first ring of packing is in, 
able to tell whether it is 
down in the 


thor 
more 


you will be 
“driven” all of the way 
box 

Using the above piece of wood, the 
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length of hose is placed into position 
and “pounded” in about an inch or 
two. Here an exact measurement 
is made of the hose length and cut 
perfectly square. This is important in 
order that the hose joints will bind 
very tightly together when 
pounded into its final resting place. It 
might be well to note that we seem 
to treat the hose very roughly by 
pounding or driving it into 
rhis hose is ring shaped and we are 
trying to fit a round object into a 
container made for a square object. | 
feel that it is that it be 
understood that this garden hose will 
not fall into place or be easily pushed 
into place. A lot of effort will be 
needed to accomplish this job. 


hose 1S 
place 


necessary 


joints of the 

rings must be staggered and each ring 

put in exactly as the first. As each 

I is put in it will be necessary to 

a pinch bar or the like in ordet 
hose to start 

stuffing box, because of its tight-fi 


Of course, the 


to get this down the 


ting nature. In other words, you have 
the hose into its initial 


down the sides of 


to pry Start 
the cylinder and 


then it is pounded down with the 
mentioned previously 


there might 


piece of wood 


In using scrap hose 


be a slight variation in its size even 
though it is called 54” hose. We found 
pump that four rings 
needed and only three in the other 
Eventually (possibly in two to three 


In one were 


ae © ae 


V 


months) the fourth ring will have to 


be add d. 
Don't Be Discouraged 


The pumps will leak 
period of 2 to 3 days. Be patient and 
you will find the leakage will stop. 
Chen a slight backing up of packing 
glands might be necessary. If the 
pump seems to be laboring, this is the 
clue that the packing is too tight. The 
hose will in a short time square up 
just like regular packing. Be sure 
that oil is kept in the packing gland 
reservoir as customarily done when 
regular packing is used. We have 
found that rubber hose lasts longer 
than plastic hose. 

In conclusion, I would like to inject 
i thought that I have had on my mind 
since a remark was passed that only 
a “cheap” outfit would garden 
hose as a substitute for good pac king 

[ sincerely believe as an operator 
of a sewage treatment plant that we 
are employed not only to run_ the 
plant properly, but also to use a little 


for a short 


use 


discretion and practice economy in 
purchasing parts, etc. We, as oper 
ators, must realize the cheapest is not 
always the most economical nor is the 
dearest always the best in regards to 
materials. In sewage treatment those 
who care for and maintain equipment 
should always be open for new ideas, 
and there is a real need for new ideas 
We therefore obligated to try 
new ideas and experiments. 


are 
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BORDEN MANUFACTURES EVERY TYPE FLOOR GRATING 


IN STEEL, STAINLESS ALLOYS AND ALUMINUM 


@ EASY TO INSTALL — engineered in conveniently sized units for easy installation. 
@ EXTRA STRONG —reinforced, designed with maximum safety factor. 


e@ LIGHT WEIGHT — approximately 80°% open, reduces dead weight, allows greater 
live load. 


— creates greater safety, economy of maintenance, no sweeping or 
washing required. 


e@ SELF-CLEANING 


BORDEN METAL PRODUCTS CO. y.<~ 


Write for complete Gentlemen: 
information on BORDEN Please send me BORDEN Catalog 
All/Weld, Pressure Locked, and Riveted Floor NAME 
Gratings in this FREE 8-page catalog TITLE 
| COMPANY NAME 


BORDEN METAL PRODUCTS CO. sw» vo 


867 GREEN LANE Elizabeth 2-6410 ELIZABETH, N. CITY AND STATE 
SOUTHERN PLANT—LEEDS, ALA. — MAIN PLANT—UNION, ti. J. 
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Paint Protection of Sewage Works Structures* 


By W. T. McCLENAHAN 


Principal Construction Engineer, The Sanitary District of Chicago, Ill. 


sEWAGE works structures are every- 
where depreciated by persistent and 
damaging attacks by the plant surroundings. 
rhe mitigation or stopping of these attacks 
is one of the engineer’s most urgent and 
continuing problems. How can this de- 
preciation be stopped, or at least controlled? 
The answer to this question requires a very 
careful study of three factors: 

1. A study of the nature of the conditions 
prevailing about the sewage works which 
bring about the deterioration 

2. A study of the way these destructive 
conditions affect the different materials of 
construction 

3. A study of the various types of pro- 
tective coatings available and suitable for 
resisting these conditions. 

The writer (1) has already outlined the 
corroding conditions peculiar to a sewage 
works in a previous paper. It is, therefore, 
unnecessary to repeat that discussion. The 
way various metals react to the plant con 
ditions causing deterioration has also been 
discussed in detail in another paper (2). 
Anyone interested in these subjects is re- 
ferred to these two papers and to numerous 
other articles on this and related subjects 
in engineering literature 

[The present paper takes up the subject 
of paint protection and dwells particularly 
upon the Chicago Sanitary District ex 
perience with priming and top coat paints 
on metal used in and about sewage works. 

It should be stated that paints and paint- 
ing systems which can be used for these 
purposes in sewage works service are 
legion, and new and better ones are being 
continually introduced. It will not be pos 
sible, therefore, to discuss the merits of 
all paints and painting systems which might 
be used or to cover the painting of surfaces 
other than metal 


Preparation of Metal Surface 

The success of a painting job depends 
greatly upon the care with which the 
cleaning work is done. The amount of 
cleaning work required depends upon the 
conditions of the metal surface, the ex- 
posure, and the type of paint to be used 

On new work it has usually not been 
thought necessary to completely remove 
the mill scale, but in such case the shop 
coat must be applied before the mill scale 
has started to come loose. Otherwise, much 
trouble will be experienced with the scale 
“popping” off afterwards and bringing the 
paint with it 

Undamaged mill scale, especially when 
it is thin, is of itself quite protective, but 
thick mill scale, especially when it has been 
exposed to the weather, almost always con- 
tains moisture and it is the moisture which 
causes most of the “popping.” 

Some alleviation of this trouble may be 
realized if the surface is flamed just before 
it is painted to bring off the thickest scale, 
dry the steel, and drive off the moisture 
from under the edges of the tight scale 
where the moisture often hides. Neverthe- 
less, if the scale is heavy, even this ex- 
pedient may not prevent “popping” after- 
wards when the structure flexes under 
stress or is subjected to rapid changes of 
temperature 

* Abstracted fr m S$ & I. W 
(1952) by permission 


Sometimes it is better practice to let all 
of the mill scale weather off before the 
surface is painted than it is to try to paint 
over a badly damaged or very thick mill 
scale. This procedure, however, takes con 
siderable time to complete the scale removal 
and usually takes from nine months to a 
year to secure a scale-free surface suitable 
for painting. Otherwise, the engineer may 
find it more expedient to paint the steel and 
expect to touch it up frequently afterwards 
whenever and wherever the scale pops off. 
The alternative is to sandblast or pickle the 
surtace 

It should be pointed out, however, that 
there are definite limits to the practicable 
use of sandblasting about a sewage works 
that is in operation, and ‘pickling is not 
generally applicable to steel that is erected. 
Weblike structures are very expensive to 
sandblast and, moreover, sandblasting in the 
vicinity of pumps, blowers, motors, and any 
other machinery may do damage to the 
machine bearings if extreme care is not 
taken to protect them. For these reasons 
sandblasting in the Chicago Sanitary Dis 
trict’s work is usually confined to the inside 
surfaces of tanks and metal surfaces in 
screen houses and grit chambers where 
damage to equipment is not so likely to 
occur and where this treatment seems to 
be especially needed. 

The best way to prepare a previously 
painted surface for repainting depends 
greatly upon where the work is and what 
the present condition of the surface is. If 
the condition about the surface is normally 
dry, such as is usually the case at a bridge, 
an office building, a laboratory building, or 
a normal pump and blower house (in fact, 
at practically all sewage works structures 
except those which enclose open sewage or 
water), the cleaning and preparing work 
may very well be covered by the following 
specincations 

“All metal surfaces to be painted shall 
be sound, clean, and free of harmful scale 
rust, dust, dirt, oil, grease, moisture, and 
other foreign matter which will in any 
way detract from the life and usefulness of 
the coating 

“Oil, grease, and soap accumulations shall 
be thoroughly removed by means of suit 
able solvents or by use of trisodium phos 
phate or strong caustic soap, followed im- 
mediately by a thorough washing of the 
surface with clean water ; 

“All rust, loose scale, loose paint, and 
other debris shall be thoroughly removed 
and all damaged paint and rust pits shall 
be scraped out, back to sound material, 
using scaling hammers, chisels, scrapers, 
hand or motor driven wire brushes, power 
or other such tools as may be suit 
able and effective. Ré-entrant angles 
and inner corners and around rivet heads 
and bolt heads and nuts shall be scraped 
out clean and the entire surface thoroughly 
wire brushed.” 

The District specifications require use of 
the cleaning tools “in such a way as will 
not unduly scratch or score the metal 
surface,” because the scoring may damag« 
the paint afterwards. Sharp metal edges 
are specified to be dulled with a file or a 
grinding wheel, because when a paint dries 
volatile escapes and as certain oxidations 
over these sharp edges it pulls tight due to 
a shrinkage in volume taking place as the 


wheels, 


and polymerizations take place in the 
vehicle and certain pigment-vehicle re- 
actions (largely those of zinc oxide) cause 
reduction of volume. Also, under varying 
exposure conditions certain physical changes 
in volume take place which are due to 
wetting and drying, heating and cooling, 
and freezing and thawing at different times. 
These changes in volume cause high stress 
in the film at the sharp edges so that the 
film often breaks. 

If the above specifications are 
scientiously carried out, the preparation of 
the surface will usually be sufficient, except 
where the atmosphere is normally highly 
humid. The paint may not last quite so long 
when the steel is thus cleaned as it would 
were the surface to be thoroughly sand- 
blasted, but it will usually give a satis- 
factory paint life. 

Steel in submerged locations has not 
heen found to be particularly difficult to 
pretect as compared to steel in humid 
atmospheres, especially where sewage gas 
is present, except that oil, grease, and soap 
accumulations and oxygen at the water line 
in the submerged locations, together with 
mechanical damage from floating matter, 
introduce problems. To overcome these 
special conditions in submerged locations 
the paint must be specially designed for 
that kind of service 

If the surface of the metal tends to 
accumulate moisture—as it does on steel 
sash and doors and on the building frame 
work, handrails, stairs, and equipment in 
a screen house or grit chamber where warm 
sewage is in direct contact with the at 
mosphere to saturate it and the metal acts 
as a sort of condenser to collect the mois- 
ture from the humid atmosphere and this 
moisture tends to absorb the carbon dioxide 
to form carbonic acid and the hydrogen 
sulfide and oxygen to form sulfurous and 
sulfuric acids—it will be very difficult to 
get the metal sufficiently dry and free of 
these acids to secure a good clean surface 
and a lasting bond for the paint 

If there is a film of moisture left on the 
surface, the paint will not properly “wet” 
the metal and if it doesn’t wet the steel it 
will not bond well to it. In addition, the 
moisture and acid left on the surface will 
spread damage underneath the film. 

Removal of this moisture and acid has 
been tried by washing the surface with 
solvent and then immediately wiping the 
surface dry with a clean dry rag. How- 
ever, current thinking is that in such places 
only complete removal of all old paint and 
sandblasting or otherwise will be 
effective to secure a reasonable 


con- 


scale by 
sufficiently 
paint life 

If it were safe to use, flame cleaning of 
the surface just before painting would very 
effectively dry the steel and extract the 
moisture from beneath the edges of the old 
paint and scale. Moreover application of 
the paint to the steel immediately—while 
the steel is still warm—accomplishes a 
baking of the paint onto the surface, which 
paint density and better 
adhesion to the surface. However, the 
presence of methane and gasoline fumes 
about a sewage works, to sav nothing of the 
volatile from the paint itself, makes fiame 
cleaning inadvisable in confined quarters 
Moreover, if flame cleaning is used and the 
mill scale is thick and already coming off, 


assures greater 
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treatment may need to be sup ions is a 25-gal. para-phenyl-phenol-tung 
nted | surface to oil varnish. 
ice a smooth, even surface before paint- I 


the painte 


have been developed which have gained con- 
yy a grinding of tl siderable popularity 

Che pigment adds to the protective value conditions of service. 

paint film by reasing the paint Why has red lead paint been so satisfac- 
In the Distri é . tory in the past? 
I ot m 3 J 1 [ tor this 
tings | "s : , : : 


for the more severe 


There are several reasons 
In the first place, the red lead pig- 


ment enters into the very pores of the iron 


Use of Phosphoric Acid Coa 


a way that no other pigment seems to be 
to do It there seems to | 
part of the metal 
nsiderable solvent it 
moved without bringing some of the metal 
with it (probably d to the formation ot 
a basic combination « red lead and iron 
Its bond t eel, therefore, 1s 
l Ss lead SOaps 
ire tough and impervious 
to moisture. Evans (3) and others feel that 
grr 


a ais i 


yecome an 
that without 
cannot be re 


very good 


ords some inhibition ot 
corrosion. All of these factors combine to 
make red lead paints quite satisfactorily 
yrotective. 


To increas 


il k 

15 per cent 

pigment litharge Phe 

he vehicle to mmcrease 

Im and it is this soap 

rmeabilit Aside from 

ausing lead poison 

] the tank is 

danger 

a seri 

is 

is the 

tion F ne safely 
introduces ! 


grind 


ing 


Icy 
ada 


rece! 


t piemer 


} t ' 
is added to 


Zin 
romate, This 
inclusion undou lly impré paint 
iS a primer 
Aluminun added 
pigment 
in, which 
with red lead 


effective, 


been found 


Red Le: 
Lead Industries 
Avenue, New 


embled a 
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nized pipe, but the District never uses it 
under water. It has been found that single metal primer for general use which 
dust-zine oxide paints serve very well as has given very except that it 
h-up prime coat in a repaint job to not seem to he to use in very 
with one coat of aluminum, and damp atmospheres such as ncountered 

ll prime coat where that in screen houses 

under the one coat of alumi n the id 


Sanitary District has standardized on a 
Zim 
good service, 
does 


suited 


all-over and grit cl 


underside of the rox 
where it appea 
sandblast the 


la gre al I rci por | pall as 


rs necessary 


surface and pa 
‘ the WPI wi: 
zinc oxide paints iting syster 


mmended ti t seems to he 


later. J , 
practical painting system yet tried 


is special pai 
acid 


xide paints hav 


the re met 


Per Cent 
By Weight 
(Volatile— 


Constituent Free Basis) 


Per Cent 


Pigment Composition By Weight 


ASTM D 
ASTM D 


irving 

paints used directly 

sition of a primer 

on. It is, of « 

i large 
mentuil 


been 


} 
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side in the sunlight, where the decorative 
coats shield the varnish of the prime coat 
the effects of actinic light; also in a 
hamber, where the decorative coats 
the prime coat from the full effect 
atmospheric and hydrogen 


trom 
screen ¢ 
protect 
t the 
sul fide 


moisture 


Bituminous coating of various kinds have 
for both iron and steel, 
ut usually without interposition of a prime 

sense, mention of a prime 

include the application of a 
which is sometimes 
coat bond better to 
coat referred to is of 
No. 251, which is used 


used wes on 


bitumen, 


heavier 


ime 


ls are supplied in four 
at material 

utback paint 
Itic varnish 


lsion 


familiar with the hot 
the American Water 
directly on the 
know 
tar dip, in 
excellent protec 
underground 


or use 
ron pipe. Engineers 


that this 
provides 


rience coal 


especially in 


be said 


either 


that if 
tar or as 
uniformly applied without 

ind if that coating ma 
esigned so that it would 
without alligatoring 
it would provide about the 

hat could be found for 
these ot coat 
may be somewhat 
affected by the 
and re 
well 


nay generally 


at ot coal 


crac k 


because 
they 
seriously 
soaps Of Sewage 
floating debris 
rh ideals are not 
tar tends to alli 
oO ather and crack in 
when the ater level is draw! 
reason or other, and asphalts 
water 
ry thick co; 


very 


ot entirely and gas 


itings 


hot material can be 
done in a 
thickness 
almost 


is otten large 
considerable 
are be made 
even, and free of pinholes 
flaws However, to apply 1 


| 
ly 


with ¢ 


alrea 
must be daubed 
District 
hen using experi 
difficult to daub 


without leaving 


construction 
aterial 


sanitary 


tn 

ice exper! 
that even w 

vorkmen it is 

‘ this 

les and flaws, w il 

ctric brush drawn over the 


t coat in 
he detected by 
surtace 

must be remembered that hot bitumi 
other f 
the 


fact any 
coating, protect steel only 
and gastight. If they are 
astight they cannot protect, 
inhibition of 
its containing 


or in 


type ot 


corrosion 


Zinc Of 


that bituminous 
ind that they be ap 
us film over the 


heretore 


the standpoint of the prot 


ded, cutbacks are by far the poorest 
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the four types of bituminous coatings. Al- 
though they often display a bright and 
pleasing appearance, they are almost never 
water- and gastight. 
Cutbacks have two faults. In the first 
ce, the solvent used, particularly in the 
yal tar cutbacks, is very likely to lift the 
prime coat and thereby greatly diminish its 
efulness. In the second place, cutbacks 
len by evaporation of the solvents and 
rs. As the volatile leaves the coating 
the bitumen, which is left behind, begins t 
stiffen, particularly on the surface, where it 
a skin coat. The volatile then forms 
centers, to which the remain- 
drains to escape. These points 
ncentration are the last places 
the film to dry up. As the bitumen is 
reed of the volatile it shrinks, because of a 
eduction of volume, and as it shrinks it 
away from the centers of thinner 
that in the end when the film 
is wholly dry these vortices remain as little 
ll do not close up because the 
by that time is too stiff to flow 
i1oles. The film, as a conse 
remains pervious to water and gas 


rms 
ncentratior 


nz volatik 


thinner cx 


evaporation s« 


Varnishes 
ultic varnishes are made by cooking 
wurtzilite, or elaterite (which are 
solidifed forms of asphalt) with 
linseed oil or combinations of the 
hen thinning to working consist 
ire true varnishes, for the as 
is a kind of combine 

ng oil 

films, when dry, are quite 
rather sensitive to oils 
ps There fore, they are not 
inder-sewage work, although they 
good black paints for use inside, 
damp locations. They are 
isfactory for outside 
he action of sunlight 
any of the gilsonite var 
rhaps some of the other types 
ll in the cans. The user, if 
more than 30 


them for 
| they will not 


after-polymerization 


resin to 


it are 


rather 


painting 


dull 


They are 


emulsions are usually 
in appearance 
gastight when 
harden 


wate and 

itings. They 
f the bitumen when the 
In hardening they solid 
that there is mn 
pinholes as is the case 

therefore 


breaks.” 
} } 


up, so 


present a 
film whet 


emulsions lift the 


continuous 
water 
cuthacks, as 
primer 
itary 
found use for a great deal of 
It emulsion of the clay typ 
over the prime but the 
has been found, must dry for 
weeks and preferably for a 
it is submerged or it will re 


some of the 
solvent for the 


is not a 
nerged conditions the Sar 


coat 


1 ns have not proved to be as 
‘ us are the clay type in submerged 
ditions So-called chemical 
the emulsifying agent is 

in percentage, are als 
for submerged conditions 


emulsions, 
made very 
said to be 
but the 
ary District has never used them 
making the emulsion it is 
the clear emulsion, in addition to the 
nen and the clay required for its emul 
sification, shall contain 10 per cent by 
t zinc oxide (powdered variety is ac 
ceptable Zinc oxide is used not only to 
keep the emulsion alkaline so that it 
not so easily re-emulsify, but also that zinc 


specified 


weig! 


does 
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may be present to arrest any hydrogen sul- 
fide which may try to penetrate the film to 
the steel. Lime would do just as well as 
zinc oxide to keep the film alkaline and 
would be considerably cheaper, but lime 
does not form a stable compound with 
hydrogen sulfide in water so that it would 
not fix the H.S as does the zinc oxide. 

To this clear emulsion asbestos fiber is 
added in amount equal to 13 per cent of the 
total weight to make the asphalt cling better 
together when the emulsion is being applied 
in a heavy coat and also make it remain 
in place better when it is softened by the 
oils, greases, and soaps of sewage. Two 
grades of fiber are used, one-third being 
what is commercially known as “7-M” 
grade and two-thirds being what is called 
asbestos pulp or float 
Pigments for Decorative Paints 

Before taking up decorative paints in 
detail, it will be well to consider first the 
suitability of the various pigments for use 
in such paints. The number of pigments 
that can be used for sewage works paints 
is rather limited because sewage gas, and 
especially hydrogen sulfide, reacts chemi- 
cally with many of the pigments to change 
their color. Carbon dioxide, also a con 
stituent of sewage gas, reacts with 
some of the pigments to change their color 
an aesthetic point of view, there 

effects must be carefully con 

sidered in choosing pigments for making 
decorative paints and that means choosing 
the color scheme for painting the plant with 
the thought in mind of the availability of 
suitable pigments to make the chosen colors 
To cite a few instances: white lead (lead 
carbonate), chrome yellow (lead chro- 
and chrome green (a mixture of 
chrome yellow and Prussian blue) are all 
darkened by hydrogen sulfide, which reacts 
to form a dirty slate-col lead sulfide 
lead sulfate is darkened in this way 
extent, but not to the 
the carbonate 

Iron 
ferrite yel 


also 


From 


ore, these 


mate), 


ored 


extent ol 


Even 
te 


some 


ochre and 
this same 


hydrates, such as yellow 
low, also darken with 
gas because they form ferrous sulfide. On 
the other hand, cadmium vellow, which is 
one of the best pigments available 
cadmium 


vellow 
is slowly changed from vellow 
sulfide to white cadmium carbonate from its 
reaction with the carbor sewage 
sul fide I fore, tends to 


1oxide of 
gas. Cadmiun 
fade 

It is desirable, th tor know 


thine about the on f the 


some 
various 
ntacted by sewage 
architect will be disappointed 
when he 


' 
weeks 


pigments when they are ¢« 
gas, or the 
with the result of his 
look at the 
‘ 18 finished 
Although it may not be comy 
l of pigments is believed to in 
clude all of the common color pigments 
that have been found satisfactory for use in 
decorative paints about a sewage works: 
Whites—Zinc oxide, zinc sulfide, titanium 
dioxide, and most of the derivatives pro 
duced by “letting down” whites by 
means of barytes or calcium sulfate. Anti- 
mony oxide tends to yellow a bit with 
hydrogen sulfide 
Blacks—So far as is known, none of the 
blacks are affected by sewage gas 
Oranges and yellows—Cadmium and selen 
ium sulfides are probably the best of the 
orange and yellow pigments, except that 
sulfide may fade a bit. Hansa 
hle orange 


nternational 

‘ None 
oranges and yellows are very 
as is known 
Greens—Chrome oxide green is an excellent 
color not affected by sewage gas. It must 
be distinguished from the so-called chrome 


painting 


comes to work several 


tter the painting 


i 


following list 


these 


the cadmiun 
yellow is t 

dinitroaniline) is also quite stable 
of the othe: 


stable. so far 


greens, which are badly affected by the 
sewage gas. Chrome oxide in a paint ap- 
plied in damp weather may display a slow- 
ing up of the drying, but when the paint 
finally does dry it will be found to be very 
hard and tough. This is because chrome 
oxide itself is a drier, although a rather 
slow-acting one. Why the drying is slowed 
up in damp weather the writer does not 
know. 

Blues—There are no very good blues. The 
best one is probably the copper blue 
(phthalacyanine blue), but this blue is 
rather transparent. Ultramarine blue may 
be used in inside paints, but in sunlight a 
change in the crystal structure takes place, 
which changes the color. 
Reds—Practically all iron oxide reds are 
stable. Toluidine red is also quite stable 
in mass, but tends to fade when “let down” 
with blanc fixe or other inert. 
Browns and grays—Any derived color 
which can be made of any combination of 
the above color pigments will almost cer 
tainly be stable. Of course, dark shades of 
gray and brown show less darkening by 
hydrogen sulfide, even though some of the 
pigments may be affected 
Metallic Powders and Pastes 
Aluminum—Turns slate-color due to for- 
mation of aluminum hydroxide, which is 
white, and the presence of impurities like 
copper, which darken it 
Zinc—Whitens, due to the 
zinc oxide and zinc sulfide 
Bronze—Blackens, due to the 
brown-black copper sulfide 
Chrome— Unaffected 
Pastel Shades 

A word with regard to the use of pastel 
shades about a sewage works. Pastel shades 
of necessity include a considerable amount 
of white and the only whites which can be 
used are zinc oxide, zinc sulfide, antimony 
oxide and titanium dioxide and their let 
down derivatives. If the zinc or antimony 
oxide pigments are used in excess, there 
is likely to be an excessive amount of 
hardening, which often resuits in peeling of 
the paint or the formation of diamond or 
D-shaped cracks. In either case, the painting 
will be unsatisfactory. On the other hand, 
titanium dioxide pigments tend to go soft 
and chalk, particularly in outside paints. 
When a paint chalks the tint tends to fade, 
so that titanium paints are not generally 
considered to be amenable to tinting in 
outside paints. Inside paints, however, can 
be tinted 

There are two types of titanium dioxide 
available. Their difference is caused by dif- 
ferences in the crystal structure. The 
anatase pigment is intensely white, but 
is a very bad chalker. Because of its 
high tinting strength and its good hiding 
power, however, the anatase variety is 
generally selected for use in inside white 
enamels. On the other hand, the rutile 
variety of titanium dioxide is less strongly 
white, but is much less: subject to ‘chalk- 
ing. It, therefore, is much better fitted 
to use in outside paints and to use in tinted 
paints. Some anatase pigment, however, is 
now being treated with antimony oxide to 
make it chalk resistant. Antimony oxide 
itself is too expensive to use in any great 
amount in the paint 
Inside and Outside Top Coats 

The problem of color permanency in 
decorative paints has already been dis- 
cussed. This particular section takes up the 
use of some of the inerts, and especially 
the types of vehicles which can be used in 
inside and outside paints. 

Outside paints require a vehicle that will 
hold its elasticity over long periods of time 


formation of 


formation of 





when exposed to sunlight and weather. The 
Sanitary District uses linseed oil with about 
25 per cent phenolic varnish to harden the 
paint. 

rhe Sanitary District found by experi- 
ment that it could have the oil treated to 
“M” body without causing complaint from 
the painters. Therefore, all the linseed oil 
in outside paints is made with “M” body 
linseed oil 

rhe inerts in outside paints are usually 
mica (usually water gro 10 per cent, 
diatomaceous silica 5 per cent, and asbestine 
5 per cent. Chrome oxide has been found 
to be an excellent color pigment for painting 
building trim, doors, and windows. For 
certain purposes, grays, based upon rutile 
type titanium dioxide and zinc oxide tinted 
with carbon black, are used. 

Outside aluminum paints are also much 
used; made, however, entirely of a 35-gal 
phenolic varnish very similar to the V37.25 
varnish already described. Since the vehicle 
is protected from actinic light by the alumi- 
num flakes, the elasticity of the varnish is 
retained in this case. The District likes 
aluminum paints for use on bridges, outside 
surfaces of tanks, outside handrails 
and valve stands, and on the exposed metal 
parts of mechanisms which extend above 


the water in tanks. It is very 
} 


und ) 


steel 


concrete 


a 
satisfactory outside paint, as is the chrome 


xide green 
For inside 
varnish is used for 


paints a 35-gal. phenolic 

the entire vehicle in all 
paints, because the vehicle must resist mois 
and acids on inside structural steel 
surfaces and especially on the inside sur- 
faces of outside doors and windows. A 
hard paint is also needed for painting inside 
| and tables. If conditions 
perhaps a 25-gal. length 
would be even better 


35-gal 


ture 


andrails, benches, 
are very bad, 
varnish for the 


for these inside paints than is the 


vehicle 


) mica and asbestine, a per 

a treated calcium carbonate 
ommerically as “Surfex” is often 
of inside paints 


outside paints 


, 
gloss 


ised to increase the 
Surfex should not be used in 
chine I nanicis 


The engineer often wants his larger and 
re showy equipment mps, motors, 


and the like to | 


1s requires use of what is 


lowers, 


a high gloss 
] 


all “d an 


enamel The principal difference between 


ordinary paint and an enamel is that a 


is designed for durability and pro 
is designed for 
pigment volume 
mel, but the 
| sometimes 
have a low oil 
with certain ve 
treated calcium carBonat« 
“Surfex” will add considerably to 
gloss. It is necessary to keep away 
from asbestine and any pigment which tends 
to flatten the paint. Mica is a good pigment 
in enamels if used with di on 
| 


Machine enamels must be very 


For instance 


>» Orgal 


iscreti 


flexible, 


as the machine temperature is often subject 
to wide swings, as between the cold end of 
a blower or pump in winter and the hot end 
of the blower in summer. They must also 
be resistant to the lubricating oils and 
greases, and particularly to the oil which a 
mechanic likes to use to wipe off the dust 
and dirt from his machine. On a steam 
turbine the enamel must withstand steam 
leakage, and perhaps a temperature up to 
350° F. on uninsulated trim. It must also 
withstand blows from wrenches and other 
tools and abrasion from other equipment 
coming in contact 

The Sanitary District uses a 20-gal 
phenolic varnish like V37.25 for the vehicle 
of these enamels. If, however, the enamel 
still does not produce the gloss which the 
operator thinks he ought to have, a clear 
coat of the same 20-gal. varnish is some 
times added over the enamel 


Vacuum Filter Drums 


A problem engaging the District's at 
tention in recent years has been the proper 
painting of the metal parts of the filter 
drums used to dewater the acidified sewage 
sludge. These drums revolve in the acidified 
sludge so that the metal parts must be kept 
well-painted to protect them from corrosion 
However, most paints permit the sludge to 
adhere to the painted surface in great gobs, 
so that the drums come to look very uw 
kempt. It has been found that when a 
vinylidene paint was used on the metal the 
sludge would free itself from the surface 
and the drums would look a lot cleaner and 
tidier 

Vinylidene paints are made from resin 
produced by the Dow Chemical Company 
They must be applied to a surface that is 
perfectly free of all old paint, and 
organic coatings, but the surface does not 
need to be sandblasted if already 
mill scale and paint. (A special solvent is 
used to wash the surface before painting. ) 
\ peculiarity noted of these paints is that 
black-colored coatings seem to adhere bet 
ter to the steel than do the lighter-colored 


coatings. The reason for this is not known 


SC ale ’ 


tree of 


The Vinyl Coating System 


The so-called Wash Primer Vinyl Coat 
ing System, originated and developed dur 
ing World War II by the Bakelite Division 
of the Union Carbide and Carbon Corpora 
tion for use on ship bottoms now extensive 
ly used by the War Department on its Ohio 
and Mississippi River work, has been out 
standing as a protective coating where the 
conditions are as bad as they are on the 
side of the roof of an outside steel 
water tank and also on the metal equip 
ment and steel construction in a screen 
house or a grit chamber and on the metal 
parts of a vacuum filter drum, it is thought 
that it will be helpful if this system is de 
scribed in some detail. The description must, 
of necessity, be brief. Those who want to 
use the system should contact the Bakelite 
Corporation for full instructions and advice 
as to the maker 


under 


Unsolved Problems 
General 

Among other things, there are three 
unsolved problems which have been worked 
on in recent months. These are: 

1. A putty suitable for use on steel sash 
house or a grit chamber to 
contend with moisture, hydrogen sulfide, 
carbonic acid, and sulfurous and sulfuric 
acids. These acids tend to saturate the putty 
when it is used on the sash if it is not very 
resistant. Linseed oil putties normally used 
for glazing are particularly bad in that 
they are quickly hydrolyzed by the moisture 
and the acids attack the metal underneath 
the saturated putty pad 

2. Machine filler. A suitable machine 
filler is also needed. A filler is similar to 
a putty, but must be susceptible to being 
smoothed out into an even sheet from thick 
to thin in such a way as will fill up the 
irregularities in the metal. It must not 
crack in drying and must lend itself when 
dry to smoothing with sandpaper. When 
finished it must be hard and adherent. 

It has been found that under certain con- 
ditions the machine filler will blister off 
from the machine surface in large sheets. 
This is thought to be due either to volatile 
filler being trapped before it has 
from the filler when the 
top coats of paint are udded, or else the 
which the mechanic uses to wipe off 
in time penerate through and 


in a screen 


from the 
had time to escape 


oils 
his machine 
saturate the filler 

In either case, when the machine 
into operation and heats up, the solvent or 
oil is volatilized, and the gas thus formed 
lifts the filler and paint from the surface 
by forming large blisters 

3. Dust repellent coatings 
drying plant at the South 
treatment works there is a 
both organic and inorganic dust. This dust 
has been observed clinging to the walls 
and ceilings and to the metal parts of the 
building in great blankets. The particles 
appear to orient themselves in some way, 
for they appear to stand perpendicular to 
the surface like the deep pile of a carpet 
Whether they are held there by a stati 
charge, a magnetic attraction, or simply 
by mechanical attachment, is not known 

Aluminum-painted surfaces seem to be 
worse at attracting the dust 
than is the SDC No. 251 primer. Yet ex 
periments do not indicate that there is any 
great difference between paints made either 
with the same pigments and different ve 
hicles or with different pigments and the 

Treatment of the surface of 

test with an amine 
increase the amount of the 


goes 


At the sludge 
West sewage 
great deal of 


onsiderably 


same vehicle 


some of the panels 
seemed to 
coating 
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IX. ENGINEERING FUNDAMENTALS 


DESIGN, construction, Oper- 


- rH 


ition and management of water 


upply 


\ k1 owledge ot 


and sewage disposal systems. 
many sciences is 


ssary as has been indicated in 
preceding sections and pages of 
Reference & Data 

to the many topics previously 


be »k 


engineering 


Issue. In ad- 


wr included in this 
are several 
which are fundamental 


Bacteriology, 


Mathe 


ciences 


are 


Hydraulics and 


y is important not only 


log 


iboratory technician but in 


vater plants because the elimination 


1 is a prime purpose of 


In sewage works bactet 


important first because 


bacterial actions play such an im- 


portant part in the treatment, parti 
cularly in activated sludge and trick 
ling filters and in sludge digestion 
and secondly because the removal of 
harmful bacteria is 


an important 


purpose of sewage treatment. 


Chemistry is important in water 


treatment because chemical reactions 
are involved in coagulation, soften- 
ing and disinfection as well as labor 


s 


atory tests. In sewage treatment 


chemical reactions take place in sec- 
ondary treatment, sludge digestion, 
disinfection and stream pollution. 
Hydraulics and the principles on 
funda- 


hydraulic engineering are 


mental to the concept and control of 


the flow of fluids. Thus the pumping 


of water and sewage or gas or its 


free flow, and its measurement in 


flow are all a part of this basic en- 
gineering subject 

Mathematic is the basis of all en- 
gineering relationships. Mathemat- 
ical equations, systems and functions 
the 


recording or calculation of data on 


are essential to determination, 


processes, actions and results of 
water and waste-water handling and 
treatment. 

Over the years, men working in 
the field of sanitary engineering have 
developed tables, charts, diagrams, 
graphs, nomograms and other tools 
of mathematics to simplify and speed 
the applications of these fundament- 
als sciences to the problems of op 
eration of water and sewage works. 
The 


of these short-cut operating tools. 


following pages contain some 





&S.W REFERENCE & DaTaA— 1956 





R-351 


Loss of Head in Pipes and Fittings 


HERE are numerous times when a 

water works engineer wishes to know 
the loss in head in some particular line. In- 
formation on this subject is not lacking 
but often is scattered in various texts and 
magazines. Diagrammatic charts, prepared 
by the application of the Hazen- W illiams, 
and Scobey formulas for flow of water in 
pipes have been developed as aids to the 
solution of problems involving loss of head. 
Tables and charts of loss of head through 
valves and fittings are likewise available 
from various sources and authors. 

In an attempt to bring these data tables, 
charts, and diagrams together in one place 
the following collection is presented. To- 
gether with such running comment as is 
necessary, the information in the following 
pages should be sufficient to solve any prob- 
lem in loss of head. 
Flow of Water in Pipe” 

The carrying capacity of a pipe 
be regarded as the index of its hydraulic 
efficiency. Selection of the most suitable 
hydraulic characteristics to satisfy the 
economics of a given installation usually 
involves consideration of several alternate 
procedures, and comparisons of their re 
spective characteristics, before the most 
appropriate choice can be made. These com 
parisons can only be as valid as the under 
lying hydraulic assumptions they depend 
on, hence the importance of suitable expres- 
sions correctly formulating the proper rela- 
tionships involved 

Many studies have 
mine these relationships, 
developed to express them. In 1775, 
a French engineer, offered his well-known 
formula for the flow of water in open chan 
and closed conduits 


line may 


been made to deter- 
and many formulae 
5, Chezy, 


1 
neis 
=CYVrs, 


‘C” being a coefficient at first supposed to 
a constant value, but now known to 
vary with the velocity, slope, hydraulic 
radius, and with some factor representing 
influences of contact surfaces. The Kutter 
elaboration of the Chezy formula reads 


have 


1.811 0.00281 
pantie - + 41.66 
s 
0.00281 
41.66 +- -_ 


s 


of the Chezy formula has been 
developed into the bracketed expression 
shown at he ft, which also introduces a new 
variable supposed to represent ail re- 
tarding e the. s. Unfortunately, however, 
the value of “n” varies somewhat for pipe, 
both with size and velocity. Now if we 
examine for a moment the basic formula 
fL Vv? 
hf — 
2gd 


in which “C” 


which can be established by the usual hy- 
draulic reasoning, we find the Chezy formu- 
la recognizable in it, and also the well- 
known formulas of Darcy Weisbach and 
Fanning. All these suffer in a basic respect, 
in that the friction “constant” does not re- 
main constant throughout the range of appli- 
cation. In the early 1900’s these discrepan- 
cies began to create a definite reaction against 
the use of the basic simple assumption that 
V=z=Cy/rs* 


, culminating in the presenta- 


*Convertible into the general 


when H = 1000s, x 


tion of the Williams-Hazen formula. In 
other words, more critical scrutiny and 
application of available data indicated that 
the loss of head does not vary as the square 
of the velocity, but in accordance with a 
value lying somewhere between 1.70 and 2.00. 
It is now fairly well understood that theirs 
(i.e., the exponential type of formula) is 
preferable to any other form; also that 
losses within most closed conduits at veloci- 
ties within the range of ordinary extremes 
of service require what Scobey calls “a 
compromise value somewhat less than 2.00” 

The Williams-Hazen formula is now 
widely accepted, and reads: 

V=Cr** S** 001°, where 
V mean velocity of flow, in feet per second. 
C = “coefficient of retardation,” so-called. 
r = mean hydraulic radius of the pipe, or di- 
ameter D 4, in feet 
s= a gm grade or slope, in feet per foot 
f length of a pipe of uniform size. 


or 


- 0.0012 
cl— 
4 
4°-8 V 
1.318 C D®® 


4) 1a y? 862 


1.318% — Cc? 2 D 167 


fe 236 y? 2 


c <2 D et 
Loss of Head 3023.6 V"* 


in Feet, per 
1,000 Feet Cc oo 


y? 852 


hen 1¢ : 105 110 

when )K = .727 .657 .598 .546 .501 
ic = 5 130 135 140 

- = .367 .343 .321 


Loss of Head Charts Based on the Hazen- 
Williams and Scobey Formulas 

In the following pages appear four charts 
(Fig. 1, 2, 3, 4) for determining loss of 
head in lineal pipe lines. The first three 
were developed from the Hazen-Williams 
Formula and apply to any pipe. The last 
was developed from the Scobey formula 
and is applicable to concrete pipes. 

Figure 1 was prepared by William P. 
Creager,” Chief Engineer, The Power 
Corporation of New York, and was origi- 
nally published by John Wiley and Sons 
in the Hydro-Electric Handbook, by 
Creager and Justin. 

Figures 2 and 3 are nomographs and were 
prepared for an article on the Hardy Cross 
Method by D. R. Taylor “. Figure 4, also 
a nomograph, was prepared. by J. R. Grif- 
fiths, of the U. S. Navy“. 


Values of the Coefficient "C” 

Although the second and third charts are 
for definite values of the friction coefficient 
“C” in the Hazen-Williams Formula, the 
first chart by Creager may be used for any 
value of “C,” if that value is known. 

Recommended values of “C” for the 
Hazen-Williams Formula were given by 
Hazen and Williams in their book, “Hy- 


draulic Tables”. These values for straight 
line conduits are shown in Table 1. 


TABLE 1 
Table of C Values Cast Iron Pipe 


Diameter — Age in Years* ——— 
0 20 30 


Inches 0 


89 


93 


4 130 0 
8.. 1 0 
12 : 1 
16 13 

l 

1 

1 

1 

1 


9 

1 96 
2 98 
3 100 
3 100 
3 100 
3 100 
3 100 


24 
30 
36 
40 
60 


1 
1 
l 
1 
1 
1 
1 
1 
1 


1 
13 
1 
1 
1; 
13 


*Cleaning old pipe increases the C 


Riveted Steel Pipe 
Light riveted steel pipe— 
Avg. C for any age 10 year CI 
Heavy riveted steel pipe— 
Avg. C for any age 20 year C.I 
Welded Steel Pipe 
Equivalent to 5 yr. or older C.I.P 
Wood Stave Pipe 
Best C = 145 
Probable Average C = 120 
Worst C 110 
Concrete Pipes and Pressure Tunnels 
Metal Forms 
Best workmanship— 
Probable workmanship 
Worst workmanship 
Wood Form—Monolithic 
Best workmanship— 
Probable workmanship 
Worst workmanship 
If Slimed 
20 points 
15 points 
10 points below 


below Best 
below Average 


Worst 


In addition to the values in Table 1 the 
following values of the friction coefficient 
have been published by the National Tube 
Co.“ 

These values of the coefficient “C” are 
to be used in the Hazen-Williams formula 
for computing the loss of head due to 
friction in new well-laid pipe: 


Kind of Pipe Coefficient 


‘Duroline” 

Wrought Steel 

Small Brass and Copper 
Cast Iron 

Concrete 

Wood Stave 

Riveted Steel 

Vitrified Pipe 

Brick Sewers 


*“Duroline” internal 
corrosion and mounting 
base composition lining 
ture Ed 

tApproximately the same for 

Ed. 


pipe is pestostes against 
riction losses by a cement 


of a highly durable na 


cement lined pipe 


It must be understood that these values 
depend upon the smoothness and regularity 
of the surfaces and are likely to vary in 
individual cases. In designing a pipe line 
it is customary to use somewhat lower co 
efficients than those above, to allow for 
variations due to local conditions, and for 
reduction of carrying capacity with age 
due to roughening of the inside surface, 
accumulation of corrosion products, and 
tuberculation. However, in case of cement 
or enamel lined pipe, the volume of flow 
remains practically unchanged over long 
periods of service due to the fact that rust 
tubercles do not form and the initially 
smooth inside surface is retained. 


Useful Loss of Head Tables 

D. R. Taylor™ gives two tables on loss 
of head. The first (Table 2) gives values 
for use in the formula 
DaTA— 1956 
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S = RQ,'* 
loss of head per 1000 ft 
resistance factor depending on 
size and smoothness of pipe 
Q.. =quantity of flow in gal. per min 
Values in the table are given as “k” values 
which are equal to 100,000 times the “R” value. 


Table 3 gives “R” values 
flow quantity is expressed in mil 
day, for the formula S=RQ,'*™ 


where S 


when the 
gal. per 


r 
. 
= 
. 
° 
2. 
5 
wv 
° 
$ 
2 
c. 
2 
. 
8 
vv 
° 
S$ 
. 
a 
; 


30 


40 
50 
60 
70 
80 
90 
00 


} 


S = loss of head per 100 ft. of pipe. 
= resistance factor 
Q« = quantity flow in mgd. 
In Table 4 are listed pipe friction for 
various size pipes and velocities.“ 


where 


Loss of Head for Valves and Fittings 

The following discussion and its accom- 
panying chart titled Friction Chart for 
Valves and Fittings have been taken from 


Crane Company’s “Engineering Data on 
Flow of Fluids in Pipes‘”” 

When the flow of a fluid in a pipe line is 
altered by some obstruction such as a valve 
or fitting, the velocity is changed, turbulence 
is magnified and a drop in pressure results. 
This pressure drop may be insignificant in 
long lines where it is very small in com- 
parison to the total drop, but when the line 
is short the pressure drop through valves 


V __ Velocity in Feet per Second 
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Fig. |—Chart of Loss of Head in Feet per 1000 ft. of Pipe 
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fittings becomes a major item in the TABLE 2 
otal pressure drop valve Values of k for 1,000 Feet of Pipe Based on the Hazen-Williams Formula 
he most widely used data on the subject 


the resistance of valves and fittings to Pipe Diameter 
inches 


the flow of water and steam is the informa- 
tion given in Dean Foster’s paper on “Effect 
{ Fittings on Flow of Fluids Through 
Pipe Lines.” Tests conducted by others 
indicated that the values given by 
low for globe valves, angle 
und that data is needed to estab- 
ect information to use. It has 
lency, and probably is the most 
to present the friction values 
an equivalent length of the 
pipe; i.c., the pressure drop 
inch elbow is equivalent t 
the pressure drop caused by 
feet of 2-inch pipe under the lished between the relative friction values the equivalent length of pipe for steam flow 
of flow f water and steam. Foster has stated that is about .8 of that established for the flow 
of water.] 
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SCOBEY FORMULA Friction Losses of Water Line Valves 
and Fittings 
Ve Cy Hos gO626 


S07 The tests for determining the pressure 
C,* 0.310 100 


40 drop of valves and fittings installed in a 

5 water line were made in the following 
manner : 

A flow nozzle was installed in a 3 in. test 
line leading from the bottom of a 1,000 
gallon water tank. A mercury manometer 
was set across this nozzle and the relation 
of mercury deflection to the gallons of 
water per minute flowing through the pipe 
was determined. The flow through the pipe 
was thereafter noted only in terms of mer- 
cury deflection which was readily trans- 
posed into gallons per minute by reference 
to the calibration chart 

The valve or fitting to be tested was 
placed in the line at some distance from the 
flow nozzle and the flow water through it 
was regulated by a throttling valve situated 
at the outlet of the line. The pressure drop 
was measured by means of a mercury 
manometer, or where the deflection was too 
great, by two sensitive low pressure gages, 
the leads of which were situated in the test 
line at a distance of ten pipe diameters (20 
in.) from each end of the valve or fitting on 
test. The initial pressure at the inlet of the 
test line was kept constant at 80 pounds per 
square inch and the various rates of flow 
were produced by throttling the outlet of 
the test line. 

After the data was obtained the means of 
presenting it in its best form was investi- 
gated. In any pressure drop tabulation, the 
values for the fittings and valves in the line 
are added to the pressure drop of the entire 
length of line. Therefore, it seemed rea- 
sonable to disregard the pressure drop 
caused by the length of the valve or fitting 
and just list the pressure drop which was 
added to the line due to the presence of the 
article. 

For instance, if a valve 4 in. face to face 
is installed in a line 30 in. long, the actual 
pressure drop through the valve will be the 
total pressure drop minus the pressure drop 
caused by 26 in. of pipe. However, in a 
practical problem this value will be added 
to the pressure drop caused by the total 
length of the line which will give a pressure 
ig. #—Flow of Wate te Pipe drop value slightly higher than the actual 
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e need for definite data cover Age Factors For Fig. 5 
ct, Crane Co. conducted pres 
‘ sts on valves and fittings on 
th water and steam. These tests were 
nade ot inch and 6 inch sizes and con Fire Protection Mains—No Domestic Draft 0.7 
lucted under conditions which were thor Public and Fire Protection Mains with Domestic Draft 
a , te Surface Water 
ughly investigate d previous to the tests Slight Tuberculation 0.3 , 
rhe results of these tests are presented here Moderate Tuberculation 0.7 1 7 2 
with together with a desc ription ol the severe Tuberculation 0.7 3 
Well Wate: 0 3 
method used in conducting them 
[ Note W ater and steam can be treated These age factors for cast-iron mains are adapted from the results of an investigation by a committee 
comparatively and a relation can be estab of the New England Water Works Association‘™ 
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New 10 15 
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EXAMPLE: THE DOTTED LINE SHOWS THAT 
THE RESISTANCE OF A 6" STD.SHORT RADIUS 
ELBOW |S EQUIVALENT TO IG FT. OF 6" STO, 
PIPE. 





Globe Valve, open~ 


4 
4 
4 
4 


Angle Valveopen ~ 


Close Return Bend-~ F 





Standard Tee 
through side outlet 


GB 


Std. gon or run of 
tee reduced % 


he | 


Med.Sweep Elbow it 
run of Tee Freduced I 


oy 


L eep Elbow or___J 
rons standard Tee . 


~~ 











\ 
\ 


‘ 
\ 
‘ 
\ 
‘ 
\ 
‘ 
‘ 
‘ 


\ 


‘ Gate Valve 


“— AClosed 


closed 


| ---- “closed 


ir-—Fully open 


T 
1] 
| 


| 
1] jtand 





B 





ard Tee 


L___ 45° Elbow 


NOTE: FOR SUDDEN ENLARGEMENTS 
OR CONTRACTIONS USE THE SMALLER 
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Fig. 5—Friction Chart for Valves and _— 


hart to cast-iron pipe divide the equ 
the most appropriate age fac 
mains 


ent length of steel pipe by 1.64 time 
nts, in terms of length of pipe to be added in com or & sme in Table § of ro + tale Me Saye 


*Note: These equivale 
In applying the 


putations, were derived for steel pipe in good condition. 
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TABLE 3 


Values of “R” 


Head Loss in Ft.: 


—Inches c= 70 c=80 c= 
540.67 
75.03 
18.48 
9.93 6.24 
4.08 d 2.57 
925 50 1.209 
1.007 7 0.633 
567 0.356 
0.3390 0.2130 
1396 0 0.0877 
0471 0 0.0296 
0.01939 0.01218 
0.00915 0.00575 
7 0.002999 
0.001012 
0.000636 


4 860.69 672.31 
¢ 119.44 93.30 
. 29.42 4 


eoooeooonut 
oCoKNUONe 

VNNONOKwS 

SRueore 


0.00715 

0.003729 
0.001258 
0.000791 


0 91002 
0.00473 
0.002468 
0.000833 
0.000524 


for 1,000 Ft. of Pipe Based on Hazen and Williams Formula — 


S=R x O%- per 1,000 ft. 19° in m.g.d. 
c= 100 


c= ll0 


317. $3 
44.06 


273.83 
38.00 
9.36 
3.16 
1.30 

. 0.612 

0.4; ed 0.320 

0 0.180 
0.1079 
0.0444 
0.0150 
0.00617 
0.00291 
0.001519 
0.000513 
0.000322 


373.00 
51.76 


ww | 


SOSOKNOW 


SOO Nee eS 


1 


weuUnNwwuw 
VeNOe 


wo 


0.0605 
0.0204 
0.00840 
0.00397 
0.002087 
0.000698 
0.000439 


° 


151 
0.00528 
0.00254 
0.001324 
0.000447 


0.000374 0.000281 


ry 


s; may not be so noticeable with one or 
two valves or fittings in the line, but where 
the number runs up into 10 or 20 the added 
p may be considerable. 
This “No-length” concept was established 
and has been used before with reference to 
elbows by F. E. Giesecke 


Resistance in Terms of Equivalent Pipe Length 
data given in the tests conducted by 
also from information gath- 
authentic sources, the friction 
and fittings, shown in Fig. 

has been prepared which gives the equiv- 
alent length of pipe to produce the same 
ssure drop as a valve or fitting. This 
additional pipe length should be added to 

e length of the line in order to determine 
the total pressure drop 

In using Fig. 5, it must be remembered 
that the values were derived for steel pipe 
in good condition. In applying the chart to 
cast iron pipe divide the equivalent length 


| rom 
Crane Co. and 
ered trom 


1 
r Vaives 


pr 
pre 


FITTING 


Velocity of Smal/ End, 
in¢ereasers 
// Mow 
>In egucers 
", Entrance to Pipe 
———— SOOM wel/ 
Entrance to we// 
— ~rom pipe 
.~wde Open Shear 
Getes (Orifice) 
wide Open S/uice Gates 
—_— (79 Wal/s 12" Thick 
Wide Open Gate Va/ves 


h ”. e 7 


Passing Branches or 


ofker Openings 
Foor Ve/ves 


Check Valves 

Hose Nozz/e 

2h" ata ete went Nozz/e 
or @veral/) 





VELOCITY Hea 





Hydra 


2 3 4 s 6 


of steel by 1.64 times the appropriate age 
factor in the table opposite Fig. 5. 

The equivalent length of pipe has been 
based upon the pressure drop values for the 
flow of water in pipes and upon the coefh- 
cients of the formula. 

y? 

K - 

2g 
=Loss of head in ft 
= Coefficient 
V = Velocity in 
2g = 64.4 


H, 


where H, 
K 


ft. per sec. 


Coefficients for this formula 
shown in Table 5. 

3urns and McDonnell, Engineers, pre- 
pared the chart (Fig. 6) by which the loss 
in head in fittings and valves may be deter- 


mined 


use in are 


to determine loss of head—as- 


(Q) to be 5 ft. per through 


In Fig. 6, 
flow 


sumnie sec 


O/ 
| 25 


Ss 


V, 
0.25 \ 55-7 


29, 29 
ey parka Mer 
r) 

0.90 


180 


25° 35) 


2 35 (Su 
Q/0 
2.00 


A/so 
HAROESTY TES 


0.03 

4 50 (Doubtful) 
0 

0o7 


/. 00 
oO lv: butt 


VELOCITY INFEET PE: 
7 8S 9 nd 


43 


AV, 


a fitting of 12 in. diameter. From Q = 
From 


the velocity (V) = 6.4 ft. per sec. 
y? 

the chart, velocity head — = 0.7 ft. 
9 
<£ 

Applied to 90 degree bend 

loss is 0.25 X 0.7 = 0.18 ft. 

x 7 = 0.87 it. 

( Note—Correspondence with the produc- 
ers of this chart cites values for check 

valves far in excess of the 0.5 indicated.— 
Ed.) 

Another method of determining loss of 
head in fittings and valves is given in Table 
6 with approximate head losses for various 
fittings. Exact losses cannot be determined 
due to variation in construction details. 


head 


For a tee 1.2 


TABLE § 


Loss of Head Coefficients for Fittings and 
Valves 


Type Coefficient Authority 
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Ref. No. 
. No. 


. No. 


Globe Valves 
Angit Valve 
Return Bend 


Tee ine . 
Short Radius Elbow . No. 
Med. Radius Elbow 7 - No. 
Long Radius Elbow . No. 
Gate Valve (Open) . No. 
% Closed . . No. 
% Closed .... . No. 
4% Closed No. 
Borda Entrance . . No. 
— rgomant 
iDpD—% 
aD —%.. 
d/D—%. 
Ordinary Entrance 
Sudden Contraction 
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Fig. 6—Loss of Head in Fittings, etc—AWWA and NEWWA Standards 
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TABLE 4 


Friction of Water in Pipes 


The pipe frictions shown in the following tables are taken by permission from the more complete copyright tables by Williams 
and Hazen, published by John Wiley & Sons, and these values are recommended for use in figuring pipe frictions. 





Loss of Head in Feet Due to Friction, per 100 feet of 15 year old Ordinary Iron Pipe 
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Values for Determining Head Losses for Fittings 


Diameter 

of fittings y 2 
Constant 5 
10 


*Globe Valve 
*Multipliers are 


In Table 6 under each size fitting is a 
tant which, multiplied by the multiplier 

h kind of fitting in the pipe line, will 

he additional length in feet to be added 
actual length of discharge pipe or pipe 

for example, a 10-inch pipe line 
with 2-90° ells, l-gate valve, 
l-check valve and a venturi meter having a 
ratio of d./d 0.5. The additional length 
for head loss in these fittings is made up as 
2.90° ells 25-feet each, l-gate valve 
l-check valve 75-feet, 1-venturi meter 
making a total of 200-feet additional 
300-feet actual 


im Take, 


300-feet long 


Ti llows 
9-feet, 
66-teet, 

hich must be added to the 


TABLE 7 


2% 4 


25 


11 


Multipliers for Different Fittings 


*Angle Globe Valve 

*Check Valve 

Water Meters 
Disk or wobble plate type 
Rotary (disk or star shap¢ 


500-feet of new 
the friction 
arrive 


length, or the equivalent of 
10-inch 
head loss mu 


at the total loss in th 


pipe line upon which 
st be order to 


and fittings 


figured in 
e pipe line 


References 


talog 404 
rer and Justin, “Hyd 
‘J hn Wiley & Son, N.Y.‘ 
Taylor, “The Hardy Cross 
Works and Sewage, 1943 


Western Construct 


Hand 


Method,” 


n News 


Inches 


Constant 
Inches 


Constant 


Reciprocating piston 

Turbine wheel type (Double flow balanced) 
Venturi Meters: 

Ratio of de/di = 0 

0 


Ratio of de/di 4 


“Hydraulic Tables,” John 

(1920). 

Technical Bulletin No. 21. 

Data on Flow of 
Tech. Bull. 405 (1935). 

“Effect of Fittings on Flow of 
Pipe Lines,” rans. ASME 


Hazen and Williams, 
Wiley & Son, N.Y.C. 
6. National Tube Co., 
7. Crane Co., “Engineering 
Fluids in Pipes,’ 
8. Dean Foster, 
Fluids Through 
(1920) 
9. F.E 
and Fittings,” 


of Texas, 
of Wisconsin, 


mn of Water in Pipes 
Bull. 1759 


Giesecke, “The Fricti 
Univ. of Tex 


Bull. 2712 
Bull. 252 


“Hydraulics.” 


10. Univ 
11. Univ 
12. Daugherty, 
13. NEWWA Pr XLIX, 
(1935). 


ceedings Vol 


Equation of Pipes 


It is frequently desired to know what number of pipes of a given size are equal in carrying capacity 


to one pipe of a larger size. 


sizes is proportional to the squares of their diameters; 


as four 2-inch pipes. 


lelivered varies about as the square root of the fifth power. 


At the same velocity of flow the volume delivered by two pipes of different 
thus one 4-inch pipe will deliver the same volume 
With the same head, however, the velocity is less in the smaller pipe, and the volume 
This table is calculated on this basis. The 


figures opposite the intersection of any two sizes is the number of the smatler-sized pipes required to eaual 
one of the larger; thus one 4-inch equals 5.7 two-inch. 
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Hydraulics of Single Pipe Lines 


HERE are few public water sup- 

plies that are not occasionally 
confronted with the problem of aug- 
menting existing distribution mains 
or feeder mains to serve suburban 
doubtful future growth, or 
successful subdivisions 


areas of 
surprisingly 
which have outgrown the capacity 
of present facilities. 
Che problem is 

lessening the friction 
more residual pressure or of increas 
rate of flow, or both. 

this article is to 
simplified 


isually one of 


loss to provide 


ing the 
Che purpose of 
present and explain a 
solution of such problems by use of 
simple arithmetic. The method de 
scribed provides a quick method for 
those who are experienced with the 
Hazen and Williams for 
mula and also for those who are un 
familiar with the use of logarithms. 
the log log slide rule or the hy 
draulic slide rule 
Tables have 
one formula 
involving 


use of the 


been prepared and 
has been reduced to a 
form only squares and 
roots, all to 


lations 


eliminate the 


square 
ith fra¢ 


necessity of calcu 
tional exponentials 

lo solve such problems, it is ne¢ 
essary to know the actual diameter 
of the pipes involved, because non 
inal diameters, in some do not 
relative capacities and fric 
For it 


Cases, 
indicate 
tion losses closely enough 

three-inch c: 
three and 


some 


Stance, 
actually three 


inches in 


pipe is 
tenths 

friction loss of only 
cent of that indicated by 
diameter Nominal and actual d 
ameters are shown in Table 1. The di 
ameters used for all galvanized pipe 

| 


diameter with a 
three per 
its nomit 


SIXty 


are for standard weight steel pipe 
and those for cast 
for 150 pounds 
deLavaud bell and 
chanical joint pipe conforming with 
Federal Specifications WW-P-421, 
in sizes 174” inclusive, 
presently 
dries 
150 


pipe are 


Super 


iron 
pressure 
spigot and me 


to 2 | 


except 
which are sizes formerly o1 
manufactured by 
and by various 
pounds pressure or 
The actual diameter of 
deLavaud mechanical joint pipe is 
the same as that for bell and spigot 
pipe in sizes from 3” to 12” inclusive 
However, the diameter differs for 
larger than 12” Actual di- 
ameter for both types are shown for 
sizes 14” to 20” inclusive. The bell 


several four 


methods, for 
more 


Super 


$1zes 


By D. R. TAYLOR 


A/ mt \“ 
36 VVater VV 


* and the mechanical joint 
letters “CIM.” 
capacities and friction 
based on actual di 
ameters, are shown in Table 2. The 
main portion of the table is for gal 
vanized steel and bell and spigot cast 
pipe Mechanical joint cast 
iron pipe (indicated as CIM) is in 
cluded in the table as an insert. 
The upper figure in block 
Table 2 is the comparative capac- 
ity or rate ol 
multiplier The 
beneath in the 
comparative friction 
cent, as 
friction 
shown in the vet 


etters “( 
pipe by the 
Relative 


losse SO 


pipes, 


iron 


each 
flow expressed as a 
fractional figures 
block is the 
loss expt 
with the 
any 


same 
essed 
as per compared 
capacity and loss of 
other size of pipe 
tical columns at the 
right. 

For instance, the capacity of a 16” 
cast iron B & S pipe ‘3 2.25 times or 
225 per cent of that for a 12” cast 
& S iction 


Sani Phe 


» extreme left and 


when the f1 
friction 


iron B pipe 


loss is the 


loss 


is only .224 times or 22.4 per cent of 


correspon ing 


mechanical 


ron 
compared with Py ast 
2.11 and .253 


Table 2) 


pipe are 


respectively (see insert 


D 


ofS)" 
“Lol” 
* Lp 
Y 


0, pp ] 


type of pipe is involvec 


lable 


If any 


other than those shown in 


NOMINAL AND AcTUAL D 


Nominal Actual Nominal Actual 


1 9 
6 


Galv 
, Galv 824 
1 Galvy 1.049 
, Galvy 1.380 
1%, Galv 1.610 
1%, CI 1.875 
2 CI > 00 


*CIM—Mechanical . 


Nominal 


the actual diameter should be deter 
mined and relative capacity and fric- 
ted by formulas (5) 


tion loss calcula 


and (3) respectively 


The Design Process 
Problem | 


Assume that a 4" cast main 
(of any length) serving one or more 
han sub-divisions has become in- 
adequate and that it ts decided to re 

| this main with a 6” cast tron 
main, 

A. What 


may be 


iron 


subur 


increase in rate of flow 


expected with the same 
riction loss? 
2.88 times or 

B. What friction 
pected with the same rate of 

142 times or 14.2% 

C. What rate of flow may be ex 
pected with only one-half of the 
former friction Assume 
that the former 
unity (1.0), 


(Table 2) 


mav be ex 


288% 
loss 


fl Ww 


loss ? 


friction loss was 


ula (1) 


an increase of 98% 


may be ex 
f] 


What friction loss 
pected with only 50% 
\ssume that the former 


unity (1.0) 


more flow: 


flow was 


Problem 2 
Assume the 
and 
sired to reblace 
t” main with 6’ 


», De 


conditions as in 
assume that it ts de- 
only enough of the 
main to reduce the 


same 


broblem 1 


AMETERS OF I] ; IN INCHES 


Actual Nominal Actual 
l¢ q 16.20 
16C 16.60 
18 I 18.20 
iwc 18.¢ 
20C ( 
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1 1, 1 
Galvy Galvy Galv Galv 


TABLE 2 
APACITY AND FRI¢ 
(Based on Actual 


RELATIVE ¢ 


Diameters) 


+ “_ . 2 
Galv cl ci 


2 


1 2 2'4 2', 3 3 
ci ci ci Ct | Galv Galv ci 








4 16 1s 20 
cim cim cim Ccim 


a8 








the 
‘ main 


prese 


858, w 
in triction 
ny length 


Q58 29? 


rH Power oF 


Power 
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IS unity T 


friction 
it will be 


29.2% of its 


reduce the 


main 25%, 


rf Therefore, to 
1 loss of the 4” 
necessary to replace 
length with 6” main 
What per cent of the 4” main 
should be replaced with 6” main to 
increase the rate of flow 25% 
(from 1.0 to 1.25) with the fric 
tion loss remaining the same? 
To increase the flow to 1.25 it will 
to decrease the total! 


nt triction 


hich is the 
loss in pet 


be necessar\ 


Table 3 
1.85tH Power or NuMBERS 


Table 4 


DeEcIMAL FRACTIONS 


DATA— 1956 


re); 06 
e | oj] ef] eo 


TION LOSSES THROUGH PIPES 


| tw) 


) ” 9 
3 


00S OO5 


0 (19.2 {31.2 3 
oll oot 2 ci 


7 
Galv 


4 
ci 
6 
ci 


8 
ci 


10 
ci 


12 
ci 


4 
ci 


16 
ci 


18 
ci 


friction loss to a sum, that can be 
designated as x, which when di- 
vided into 1.0 (the present friction 
loss) will equal (1.25)** 
From table 3 (1.25)** = 1.51—see 
formulas (1) and (2). 
Then, 1 — x 1.51, and 
x 1.0 — 1.5] 
desired total friction loss 
1.0 — .661 339 necessary 
reduction in friction loss (33.9%). 
1.0 142 = .858 (see problem 
2A). 
339 — 858 = .395 
4” main to be replaced with 6” to 
increase the flow 25% with the 
same friction loss. 
The proof of this calculation, 
which is also applicable to any 
similar problem, when proof is 
desired, is as follows: 


661 —— 


39.5% of 


If the friction loss of the present 
4” main is 1.00 and 39.5% is re- 
placed with 6” main, the friction 
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loss of the remaining portion of A. What per cent of the 4” main a> »-pae+ > 

the 4” main will be .605 (1.0 — .395 should be paralleled with 6” main epee ee 
= .605). The friction loss of the to decrease the friction loss 25%? 3B. To determine what per cent should 
39.5% of 6” will be .0561 (.395 In this instance, it is necessary to be paralled to increase the flow 
142 = 0561). determine the equivalent diameter 25%, proceed as in problem 2B. 
The total friction loss after the of the 4” and 6” mains. 1+1.51=.661 

re “e " : 0 66 339 

replacement will be, By formula 4, De=0.92 V (4.12)?+ (6.16)? 3 39 O14 371= 37.1% to be paralleled 
ioe the 6" — C. To reduce the friction loss 25% 
. : Pe ; * and also increase the flow 25% 
Relative friction loss for 4” and requires the paralleling of: 
6.817” mains is by formula (3), - , 


to reduce the friction loss and 


Q, 1.5i}°" 25 C Formula 1 
or s 3 . _ " < 7.1% to increase the flow 
C. To reduce the friction loss 25% he 63 
: aS eed 46450 tal moe emat aatebisled 
and also increase the flow of 25% ‘ al per cent paralleled 
rec i res e re ace - ( f: e 7 
juires the replacement of: From table 5. (.60)**"—.084 Sreblem 4 
% to reduce the friction loss and By interpolation (table 5), (.604)*" 0864, 
5% to increase the flow say .U56 1 customer secks advice. He can 
operate two lawn sprinklers at the 


rear of his property, from the end of 


(.604)** 


: rherefore, the friction loss of the 
equivalent main (6.817”) is 8.6% 
Problem 3 of that of the 4” main. 

Assume the same conditions as in To determine the per cent of 4” 
problem 1, except that it is considered main to be parallel with 6” main 
more expedient to parallel a portion to reduce the friction loss 25%, From table 2, a 1” pipe will furnish 
of the 4” main with 6” main. proceed as in problem 2A. 1.89 times or 89% more water, but 
only 50% more is desired. How 
of the 34” pipe should be 


68.7% =total replacement 


his long line of 34” pipe, but he de- 
sires 50% more flow so that he can 
operate three sprinklers. 


Table 5 much 


4.87TH Power or DectMAL Fractions replaced with 1”? 
20 to .99 From table 3 (1.50)** = 2.12. 


04 X=1.0 12 472 
” 1.0 17 528 
ol ; 
rom table 2, the friction loss for 


is .31 or 31% of that for yi,” 


76.5% of the %” to be 


" to increase the flow 50% 


NUMBER OF TAPS THAT CAN BE TAKEN FROM PIPE OF VARIOUS SIZES 





SIZE OF TAPS IN INCHES 


8 


139 
181 | 114 


285 


419 


Ie see Se oe ee ee 


— |) 
col 
eC eo vw wn =| = 


& 


371 | 181 | 103 
~ | 243 | 139 
[316 | 181 | 114! 78 »| 20 | 13 
|} 229 | 145 | 99 | 70 | 52 | | 25) 17 | 12 | 9 | 
~ | aes | vat [123 | 38 | “6 | 50 | 32 | 21 | 15 | 
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Contents of Cylindrical Tanks 


By W. F. SCHAPHORST 
Mech. Engr., Newark, NJ 


IGURING the gallons in a_ vertical z 
cylindrical tank takes time, and errors 

are often made in longhand figuring. The 

accompanying chart quickly gives the num 

ber of gallons in a vertical tank of this 


kind, of ordinary size, and even bevond the Vw Ay Wi" 
| (hilt | 


ordinary sizes. 


ers were | 








iwi 

For example, how many gallons will be i 
held by a cylindrical tank 60” high by 60” in 
diameter ? The dotted line drawn across the 
chart shows how it is done. Connect the 60 
in the height column (A) with the 60 in the 
diameter column (C) and the answer is 
shown in the volume column (B) to be very 
close to 740 gallons. Figure it out in long- 
hand or on a slide rule and you will find 
that the answer is 733 gallons, showing that 
the chart is sufficiently accurate for general 
use over a wide range of tank sizes 


Terre eS ewe ww 





wars Pee 





NCHES 


Inversely the chart may be used to figure 
the size of tank that will hold a certain num 
ber of predetermined gallons. Thus if a 
tank is wanted to hold 740 gallons, simply 
run any straight line through the 740 in 
column (B) and the intersection with cel 
umn (A) gives the height, and the inter- 
section of the same line with column (C) 
gives the diameter. By swinging a straight 
line around the desired point in column (B) 
the most economical height and diameter 
combination is readily obtained. As will be 
observed, there are hundreds and thousands 
of combinations possible to hold 740 gallons. 
Also, if we should have a tank 60” in diam 
eter and, say, 200” high, and it should be 
desired to pour only 740 gallons into it, the 
same dotted line drawn across this chart 
will show that by filling the tank to a height 
of 60” it will contain 740 gallons 


DIAMETER, 
bn a eae See Sa ree 


? 


HEIGHT, INCHES 


an eS Re ee Pe a! ffi 
7 


The range of the chart, as will be ob 
served, is very great. It will take care of any 
tank all the way from 2” in height to 600” in 
height, and any diameter from 3” to 1000” 
The maximum capacity of the largest tank is 
given as 2,000,000 gallons. The chart is 
based on the U.S. standard of 231 cubic 
inches per gallon 


ee ee 


pobebetotey 


Just as an “exercise,” what, for instance, 
must be the dimensions of a tank (can) to 
hold exactly one gallon? Any line through 
the “one” in column (B) will give combina- 


tions of two dimensions—in fact hundreds 


+ 


of them. One of the combinations will be 
found to be 6” high by 7” in diameter. It will 
also be found that a flat-shaped tank (can) 
3” high by 10” in diameter comes very close 
to having a capacity of one gallon. Or, if 20” 
high by 4” in diameter this combination will 


hold one gallon. The number of possible e100, 000 ' 
9300 


. ° ° d 
If the chart is used a few times you will F RPOOCOO - 1000 
keep it in a convenient place in your work B c 
desk. 


lL. 
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combinations is endless 
' 
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AREAS OF CIRCLES—SQUARES—SQUARE ROOTS 


(Also Fractions to Decimal Equivalent.) 
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X. BULLETINS AND CATALOGS 


For Copies of any of the Bulletins or Catalogs Listed Below, Circle the Corresponding Numbers on 
the Inquiry Reply Card in this Section. 


Activated Silca Silca 


Dee 
IR 

Activated Sludge—Bulletin 
covers the Kraus Interchange 
for the treatment and 


liquor in the activated sluc 
Pacific Flush Tank Co 


KRO-1 
Process 
use ot digester 


Ize process 


2R 
Aeration Equipment 
l mechanical and 


activated sludge 


Well Works 


265A 
aeratnion 
plants 


Bulletin 


covers both yet 
Systems [fcr 


Che American 


3K 

Aeration Equipment—T his pre 
sents complete information on the devel 
both 


1 
booklet 


opment, design and application of 
Walker Diffusair and Impingement 
aeration equipment. It includes discus- 
ions on channel aeration, grit aeration 
and details Walker Air Lift for 
return tivated sludge pumping 


Walker Equipment Inc 


on the 
at 
Proc ess 
4} 

Air Compressors 
] ine 


compressor 
from 20 to 


Bulletin SPB-56 il 


discusses 9 different 
models with 
600 cfm. Also listed 
controlled tem- 
push-button 


intake 


ingge- 


ustrates 
able iif 


ities ot 


port 


capac 


are features such as 
perature of compressed air; 
starting; mechanically operated 
valves; and parts 90 percent interch 
able Schramm, In 


Air Valves See valves 


Altitude Valves—See \ 


5R 
Anthrafilt 
coal filter 


ment ( 


on the anthracite 
Anthracite Equip 


Bulletin 
medium 


orp 


6R 

Asbestos-Cement Pipe—A 
of the use of 
tages of “Century” 
pipe A chart of standard 
classes included Keasbey & 
Lo 


brief history 


asbestos and the advan 
asbestos-cement 


and 
Mat 


s1zes 


7R 

Bar Screens 

illustrate and 

cleaned and Rex heavy 
Ch in Belt Lo 


Bulletins 315-21 and 54-8A 
the front 
duty reens 


discuss Rex 


bar s« 


8R 

Bascule Gate 
dimensions, description 
stallations of thi 
l and flood 
Co 


\ 12 page bulletin with 
and typical in 
s crest gate for pond 
evel control.—S. Morgan 
Smith 


OR 


Biofilters—Bulletin 7313 on small 
biofiltration with Dorr-Oliver Duo treat- 


scale 


complete 


housing devel 


providing 

institutions, 

turnpike 
Inc. 


units 
tor 

and 

Oliver 


ment 
treatment 
opments 

Dorr 


service areas 


10R 

Blowers—[B3 ulletin 

data tor Type \l blowers 

through 7 inch gear diameter 
and dimension 

and illustra 

Blower Div 


complete 
inc] 


Also in 


containing 


cludes selection 


performance characteristics 


ti Roots-Connersville 


11R 

Blowers—“Centrifugal Blowers” is a 
nulletin on Multistage Type V Blowers 
for equivalent air pressure above 6.5 psig 
and inlet volumes above 1500 cfm Allis 
Chalmers Co 


7 
ValVes 


Butterfly Valves— Sec 


12R 

Cable 
on Bailey Ar 
tion of pne 
matic control 
irom 
atmospheres 


ti 
thon 


G91-9 is a product specification 
mortube Cable f 


telemetering and 


protec 
auto 
lines 


umati 


system 


transmissiol 


1d COTTOSIV 


11 
Ihe 


injury al 
luring and atter insta 


Meter ) 


mechanical 
i 


> 1 
palley 


I13R 
Carbonation— A 

information to aid 
erators and others 
bonation of 
( ude s 
chemical re 
lems in 


containing 
plant op 


with car 


handbook 
engineers, 
concerned 


softened 


lime waters. In 
bac k wT ound, 
methods and 


Corrosion, 


discussion of the 


actions, prob 
due to 


certain 


carbonation 
COs produced by 
thoroughly covered with 
giving corrosion 
metals.—Walker Process Equip 


ment Inc 


impurities in 
methods, is 
tance ot 


tables resis 


various 


14R 
Cast Iron Pipe 


Iron Pressure 


Complete line Cast 
Pipe in sizes of 3 to 24 
inches diameter is listed in catalog 54 
Complete specifications and construction 


details \labama Pipe Co 


I5R 

Cathodic Protection 
bulletins on cathodic 
ing Corrosion with 
O-Chem System”, 

tection tor Water 
Electro Rust-Proofing 


protection 
Corrosion”, 
and “Cathodi 
Works Plat 
Corp 


Centrifugal Pumps—See Pumps 


See valves 


Check Valves 


16R 

Chemical Feeders—PBulletin 30-H12A on 
gravimetric loss-in-weight feeders; 
Bulletin 35-H5 on belt gravimetric feed- 
ers; Bulletins 20-J104 and. 50-57A on 
volumetric feeders; all for adding chemi 


sewage 


tables, 


cals tor waste-treatm 


Omega 


wate! or 


Mac nine Lo 


17R 

Chemical Feeders— |’ ub! 
4 describes dry chemical feeders 
volumetric type Wallace & Ti 
Inc 


No. TP 


ISR 
Chemicals—“Facts About 


omplete 


Frontier 
description of the 


services and 


Rives a 
various ¢ 
of the company 


: : , 
lemicals, facilities 


Chemical Co 


rontier 


19K 
Bulletin A-705 
wate! 
olumbia 


Treatment 
use of 
treatment ( 

Chemical Corp 


Chemical 


liscusses the chemicals in 
and 


Southern 


sCcware 


ih 
Chlorine— A 


physical pre 


bulletin describi 


met 
Salt 


handling 


erties, 
and ners 


Lo. 


Lig 
Chlorine—Bulletin containing 
information on the 
ers, and 
Penn Salt 


general 


properties, contain 
handling of liquid chlorine 


Mfg. Co. of Washington 


22R 

Chlorine 
list of local 
tainers 


General information, 
distributors 
liquid 
and sodium 


\W iley ir 


prices 
ipping co 
calcium 
ypochlorite 


on ( h lo ne, 
hypochlorite, 


John mes Co 


23R 

Chlorine Dioxide 
in detail the 
} 


\ booklet 


removal of tastes and odor 


discussing 


and it 
methods of 
application 


dioxide 
bactericidal 
and 
and 
tions are 


»”y chlorine treatment 
properties, 
treatment Economic 
installation instruc 
included Industria 
Olin-Mathieson ( 


factors general 


] , 


also 
chemicals Diy 


ical Corp 


lem 


4h 
Chlorine Feeders—A series 
covering “Sterelators” 
wall, and 


Mig 


large model 


Corp 


Capacity 
son 


25R 

Chlorine Feeders—A 
on Chlorinizers 
and other gases 
dioxide, et ( 
Ibs 
Ine 


series of bulletins 
for feeding chlorine gas 


like 


apacities 


sulfur 
R000 
Provide nee 


ammonia, 
trom 4 t 


per 24 hours Builders 


26R 


Chlorine Feeders— Bulletins on 

inators particularly for swimming 
Chemical Equipment Co 
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Chlorine Feeders— Bu! 


le writice « 


Chlorine Feeders— Cat os. 20.100 
1] pre diaphragm 
and 


& Tiernan, 


nt mec 


lo 
( 


Chlorine Handling 


Chlorine Residual Recorder 
; Wi] 


‘ ne nwesiau 


Chlorine Wall Chart 


and Saddles for Pipe Repair 
GV es complete descriptio1 
gM ‘ I I 


Clamps 
Cat 


Clarifier 


( 


Coal and Ash Handling—Two folders 
und a catalog on coal and ash handling 
catalog on chains, and a 
ash 


layouts i118sO a 
questions and answers on 

ling —Beaumont-Birch Co 
1956 
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38R 
Comminutor—A 28-page engineering 
manual that describes and illustrates the 
15 and 25 inch Worthington comminu- 
tors. Curves, drawings and information 
for selection, maintenance and installa- 
tion of the comminutors are included.— 


Wort! Corp 


ington 


3IOR 
Concrete Hardening—A bulletin explain- 
ow sodium hardens, dust 
dproots ] con 


and oil 
ladelphia Quartz Co 


silicate 


proots 


40] 

Concrete Pressure Sewer Pipe—A folder 
l t and standards ot con 
Broth 


discus 
ete p 
rs | 


Sings features 


essure sewer pip¢ Price 


41R 
Concrete Pressure Water Pipe 


let explaining and 


\ book 
illustrating the proper 
pressure 
digging 
handling 

making 
grade 
joint; 
pull 


method of laying concrete 


Concrete Tanks—Bulletin on 
ntort t t construction 
concrete tanks 


technical 
natior m tne design, 
] 


estresse¢ 


43k 
Construction Tools 


t 
cal 


Illustrated 16 page 
II drills; 
trench 
steels; 


alog on rack drills; wagon 
breakers clay 
diggers; backfill tampers; drill 

hose; and couplings 


rock bits iit 
‘ 


xy 


pavement spades; 


ranin 


lication 
powel! 


Control Drives—Product spec 
Psl ] cribes piston 


yperated 
for butterfly 


} 
trol ¢€ 


valves 
Bailey 


irive 


lements 


Controllers—Catalog includes detailed 
ms and control action descrip 
I and 


ollers Minneapolis 


peciticati 
ratings for both electri 
cont! 


Regulator ( 


4 i 

Control System Instruments—Bulletin 

7202 describes miniature instruments for 

transmission and control for 
plants.— Minneapolis 

Regulator Co 


pneumati 
water filtration 
Honeywell 


ik 

Copper Sulphate—A 13-page booklet de- 
scribing the use and application of sul 
phate in water treatment and algae 
control, and containing charts of chem 
icals required for various treatments 
Tennessee Corp 


48R 

Copper Sulphate—TIwo booklets on the 
use of copper sulphate. “Copper sulphate 
in control of Microscopic Organisms”, 
and “Copper sulphate for Root and 
Fungus Control in Sanitary Sewers and 
Storm Drains.”——-Phelps Dodge Refining 
Corp 


49R 

Corrosion Control—A booklet on the de- 
scription and the Pitt Chem 
larset, a new coal tar-Epoxy resin coat 
ing tor control of severe corrosive con 
ditions—Pittsburgh Coke & Chemical 
Lo 


uses of 


50R 

Couplings, Asbestos-Cement Pipe— 
Features and installation on instructions 
for the use of Century “Fluid-Tite” 
couplings are graphically presented 
along with a chart of standard 
Keasbey & Mattison Co 


sizes 


51R 

Deodorants—-A paper and two folders 
discuss the effective reduction of sewage 
and waste odors and the science o! 
Osmics Airkem, Inc 


5S2R 
Deodorants 
fon N. Y. and 
in sewage disposal plants 
Ics Inc 


echnical literature on Ci 
Arodon used as deodorants 


Fine Organ 


IR 

Demineralizers—Bulletin WC-111 dis 

cusses the design, theory, and equipment 

of ion exchange systems in detail 

estimating curve, system selection 

and other features are 
Graver Water Conditioning Co 


cost 
chart also in 
cluded 


Diaphragm Slurry Pump—See Pump 
54R 
Diatomite Filters 


diatomaceous eart} 


1800-3 on 


Proportion 


Bulletin 
filters 


eers, Inc 


Electric Motors—-See Motors 


S55R 

Elevated Steel Tanks—A 24-page book- 
let discusses Horton Elevated Steel 
franks of Large Capacity 
he advantages of using large elevated 
steel tanks to provide gravity pressure 
Also contained, detailed information on 
the design and construction of the tanks 
nd 12 photographs of actual installa 
tions, a table of sizes, and page of draw- 
ings showing construction details.— 
Chicago Bridge & Iron Co 


and describes 


t 
t 


56R 

Elevated Steel Reservoirs and Stand- 
pipes A 24 page booklet on Horton 
Steel Reservoirs and Standpipes. II 
lustrations show installations from 
50,000 to 10,000,000 gal. capacity with 
cone, umbrella, or ellipsoidal roofs and 
ornamental structures with special archi 
tectural features. Also included are: 
table of standard capacities, information 
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on foundations, advantage of pickling 
and painting, and data on the 
suction tank for fire protection 
Chicago Bridge & Iron Co 


use of 


57R 

Elevated Storage—A brochure on stand- 
pipes and steel reservoirs discusses roof 
types, erected tanks, 
and gives a list of standard reservoir 
dimensions—Pittsburgh-Des Moines 
Steel Co 


shows photos of 


58R ‘ 

Elevated Storage—Bulletin describes 
and illustrates various steel 
structures for the storage of water 


Hammond Iron Works 


types ol 


50R 
Elevated Storage—General information 
on elevated tanks including _ the 
tandard hemispherical self-supporting 
and the Cole Ovaloid R D 
Mfg. Co 


steel 


bottom 


1 
CLole 


R 


Elevated Storage Tanks—A 
‘Modern Water Storage in 
Tanks” gives a description of 
tank types, standard 
erected tanks and a 
equipment.—Pittsburgh-Des 


1 


steel Co 


brochure, 
Elevated 
elevated 
sizes, photos of 
listing of accessory 


Moi 


nes 


IR 

Elevated Storage Tanks—Tables and 
photographs of standard Nooter water 
reservoirs, standpipes and ele 


Nooter ( orp 


storage 


plant 


link 


Fencing—A manual on planned 
protection by the use of steel chain 


fencing Continental Steel Corp 


3K 

Ferric Chloride, Anhydrous—A general 
information bulletin on the use of anhy 
drous ferric chloride in sewage and wa 


ter treatment Penn Salt Mfg. Co. of 
Washington 


64R 
Ferric-Floc 


ing the use 


A 38 page booklet de scrib 


and application of ferrik 
sulphate in all phases of coagulation 
Tennessee Corp 


ASP 

Filter, Automatic Backwash Sand—Bul 
letin 46-A illustrates and describes 
Hardinge’s automatic backwash 
filter Hardinge Co 


sand 


66R 

Filter Bottoms 
on perforated Transite plate 
derdrains.—Filtration Equip 


Descriptive material 
filter un 
Corp 


67R 

Filter Membrane—lIllustrated booklet 
reviews approximately 80 technical ar- 
ticles reporting application of this new 


1 


analytical screening device in the study 
of gaseous and liquid suspended par 
ticles in the sub-micron range 
Millipore Filter Corp 


size 


58R 

Filter Operating Panels—A 
sheet and drawing dis 
cussing steel control panels for rapid 
sand filter operation. Each panel fea 
tures inclined surface for optimum read 
ability of the instruments and efficient 
operation of hand-automatic se 
stations sailey Meter Co 


produc » 


specification 


lector 


69R 

Filter Operating Tables—Describes 
two-tone, modern design, custom built 
to specifications filter made of 
Iransite, ebony and C« Filtra 
tion Equip. Cory 


tables 
lorlith 


OR j 
Filters—General information on Ro 
berts filters for municipal water puri 
industrial water rectification, 
swimming recirculating 
and pressure flters.—Robert Filter 
Mfg. Co 


fication, 


poo systems 


TIE 


/ lk 

Filter Underdrains—Brochure gives 
complete information on “Criscrete” fil 
ter underdrains.—M C G Company 


Re 


Filter Underdrains, Sewage—Bulletin 
UF-3 provides complete information on 


the Natco | 
for trickling 
plants 


nifilter Block Underdrains 
filter beds of sewage dis 


Natco (¢ orp 


posal 
73K 
Fire Hydrants—Bulletin G describes 


and illustrates complete line of 
drants Rensselaer Valve Co., 


tire hy- 
Div 


74R 

Floating Covers—Bulletin 332 presents 
descriptions information 
data and details of construction of 
ing covers for controlled 
Pacific Flush Tank Co 


> 
and 
float 


digestion 


technical 


(OR 

Flocculation—Bulletins 2W66 
2W72 cover impeller type and 
flocculation units and rapid 
water and waste treatment 
Process Equipment, Inc 


and 
type 
mixers tot! 


Walker 


reel 


7OR 

Flocculation Equipment 
booklet, “Equipment For 
Flocculation” illustrates and 
Link-Belts line of conveyors 
tors for handling chemicals 
and straightline mixers.—Link 


An 8-page 
Chemical 
discusses 
and eleva 

and flash 

Belt Co 


77R 
Flocculators 
description of 
used to perform the 
flash mixing and 
Oliver Inc 


Bulletin 6971 

Dorr-Oliver 
two 
flocculation 


contains a 
equipment 
basic steps ot 


Dorr 


78R 
Floor Grating—A bulletin discussing 
riveted, pressure locked, and all welded 
types floor grating. General instruc 
ordering and cl 
Borden safety 


Borden Metal 


tior arts on sate 


given steps ire 


Products 


Flow Measurement— Bulleti: 5- LIA 
on Dall Flow Tube; Bulletin 110 
D10B, 110-K11 on Venturi Tubes; 135 
‘2A Kennison Nozzles; and 380-K4A 
on Propeloflo meters.—Builders-Provi 


dence, Inc 


80R 


Flow Measurment 
801, 850. 950 


Bulletins 


cover equipment 
tlow measurement Simplex 


Meter Co 


81R 
Flow Measurement and Instruments 
General Catalog No. 005 covers equip 
ment on meters and 


Valve & Meter Co 


Raupes Simple x 


S°R 
Flow Tubes—Th« 


used for metering water, air. 


Gentile Flow Tube 
\ slurry, raw 
paper stock et Ad 
tlow 


sludge 
of the 


, 
along with a 


sewage 


vantages tube given 


performance head 
loss and differential charts. P 
of actual in 
drawings 


neering Co 


hotographs 
stallations and cut-away 


are included Foster Engi 


Instruments 


Gages—Se¢ 
S3R 

Gas Analyzer—A 
spersensitive 


rr me 


Rases It 


folder describing a 
analyzer that is 
assuring toxic and 
parts per billios ller & 


Cooper In 


{ apable 


combustible 


S4R 

Gas Safety Equipment 
presents data, and 
equipment tor 


Bulletin 321 
details information 
handling gas 
Flusl 


on satety 
from sludge 
Tank Co 


digesters Pacific 


Gate Valves—See 


95h 
Grit Collection 

Rex grit collectors 
dustrial 


86R 


waste plat 


Heat Exchanger—Bulletin 23) ck 
and discusses the digester heater 
heat exchanger for controlled 


digestion Pacific Flush 


ripes 

and 
sludg 
| ink Lo 


&7R 

Heat Exchanger— Bulletin 
spiral heat exchanger, an 
ment of the spiral flow 

tank 


6281 on 
external 
tvpe tor 
digestion 


Oliver Inc 


trolling 
Dorr 


temperature 
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Hydrants and Valves—A general bulle 
covering a complete line of hydrants 
Darling Valve & Mig. Co 


ighty 
ipe and fit 

V ilves 
and bul 
oducts iN 


Hydrants and Valves page 


wate 


Acid 


H ydrofluosilicic 
| 1 


< acid 


describing 
or-O-Feeder 


splacement 


Hypochlorite 


Incinerators 


Graver's facili 


Industrial Waste Treatment 
116 discu ‘ 


\ 


tm 
ALinic 


ooklet 
nstruments manutac 


works ap 


Instrumentation—A 16-pa 
’ g | vehara 

and sewagt 
Lo 


ater 
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practically every operation in the plant 
can be operated or controlled by proper 
instrumentation.—Fischer & Porter Co. 


99R 
Instrumentation— Data 
tion tor 
different 
their appli 


on imstrumenta- 
plants; the 

used and 
Porter Co. 


sewage treament 
types ol 


ition I 


equipment 
ischer & 


100R 

Instruments and Gages—Bulletins 1001, 
1002, 1100 present filter plant gauges 
and summator equipment Simplex 
Valve and Meter Co 


101IR 
Instruments 


filter 


and Gages—Bulletins on 
and pressure gauges, 
indicators, position 
Builders-Providence, 


1 ' 
Rages, evel 


recorders and 


lu les de- 
indica 


Minne 


and 
specifications of flow 
recor 


Instruments 


tailed 


Gages—In 
rate 
yllers 


tors id contre 


7 


I! Regulator Co 

103R 

Ion Exchange Water Softener 

Bulletin 2386A des principles of 
yperation and discusses ind au- 

I Permutit Ce 


ribes 
manual 


mati Valve ypcratior 


104 
Laboratory Equipment 


nation 


intor 
line 
lipps & 


General 


y the 


regarding company’s 


”~ laboratory 


ot equipme 
Bird, Inc 

105R 

Level Controls 


on Roto-Trols for: elevated 


give de 
tanks, 


svs- 


Data sheets 
tails 
standpipes and closed 
hydropneu 
pumps; 
operated 


reservoirs 


tems and booster systems; 


matic or pressure tanks; sewage 
] 


sequence control; and 


ontrol.—Healy 


pressure 
Ruff Co 


sump <« 


106K 


Lime Slakers 


equipment tor 
10,000 Ib. per 
l 


40 EIB covers 
aking at 175 to 
thermostatic 
water conti and vapor removal de 
vices (Jmega Machine Lo 


Bulletin 
lime sl 
hour witl 
] 


107R 

Liquid Feeders, Rotodip—Bulletin 65 
1 volumetric feeder for liq- 

1ids, including acids, alkalies, or slurries 

it rates from 0 to 1800 gallons per hour 

with repeatable ac ithin +1% 


Machine Co 


uracy W 
(Ome va 


10&k 


Liquid Level Control Measurement—A 
bulletin describing widely used instru 
mentatior measuring and 
controlling Minneapolis- 


Honeywell 


systems for 
liquid 


' 
Regulator ( 


] j 
evel 


109R 

Mechanical 
page folder 
jointed vitrified 
24 inches is a 


Jointed Clay Pipe—A 4 
new AMVIT 
pipe, sizes 4 
true “built-in” 


; é ' 

describes the 
' 

Ciday 


through 


mechanical joint ready for immediate, 
quick and easy installation. The joint 
is furnished on all standard fittings, as 
well as pipe, permitting a bottle tight 
line.—American Vitrified Products Co. 


110R 

Meters and Regulators, Gas—A catalog 
containing information, pictures and 
specifications for Rockwell sewage gas 
and gas pressure regulators.— 
Mfg Lo 


meters 
Rockwell 


111R 

Meter Setting and Testing—Catalog 56 
contains complete listing of water meter 
setting and testing equipment along 
with information on good meter setting 
practice under various conditions. 
Ford Meter Box Co. Inc 


112R 

Meters, Gas—A folder illustrating and 
discussing the features of Superior Tin 
ned Steelcase Meters with a com- 
plete list of meter specifications Superior 
Meter Co., Inc., Neptune Meter Co 


(sas 


113R 

Meters, Feeders and Controls—Bulletin 
B-1-F6 gives the complete line of flow 
meters, chemical feeders and control 
equipment used in water treatment and 
sewage disposal.—Builders-Providence 
Inc 


114R 

Meters, Water—A 
complete line of water 
tomer'’s Neptune 


catalog listing the 
meters tor cus 
Meter Co 


services 


115R 

Meters, Water—Catalog gives full de 
tails of American disc type water me 
ters, both frost bottom and solid casing 
types, sizes 54 to 6 inches.—Buffalo 
Meter Co 


116R 

Meter Testing, Watér—A 40-page book 
on methods and equipment for testing 
meters, including information on meter 
shop layout, meter performance, and a 
bibliography on meter maintenance 
Ford Meter Box Co., Inc 


117R 

Micro-Strainers—Brochure and leaflet 
on the application and installation of 
micro-strainers in water and sewage 
plants.—Glenfield & Kennedy, Inc 


118R 

Motors, Electric—“A Guide to 
Electric Motors” A llis-Chalmers 
Co 


Care of 


Mig 


119R 

Motors, Electric.—‘“Handy Guide For 
Quick Selection of Electric Motors” is 
the title of a 12-page, 2-color reference 
brochure which provides a quick refer 
to data on Allis-Chalmers general 
motors and information 
Motor characteristics, squirrel 
cage motors, electrical modifications, 
dimensions, and motor controls.—Allis- 
Chalmers Mfg. Co 


ence 
purpose 
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covers 
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120R 

Motors, 
color, well 
company’s 
drive, Uniclosed and 
motors U. S. Electrical 


Electrical—A series of full- 
illustrated bulletins on the 
Syncrogear, Vari 

Totally enclosed 
Motors, Inc 


line ofl 


121R 

Packaged Sewage Plants— Manual 
gives a complete description of the Yeo- 
mans package sewage treatment sys- 
tems. It covers primary or complete 
treatment plants for small communities 
plants —Yeomans Bros 


6768 


trickling filter 


Lo 


122R 

Peri-Filter System—A 
Dorrco Aldrich Peri-Filter 
comprised of a Dorr-Oliver 
unit and an annular 
combined 11 a 


bulletin on the 
System 
pre-treat- 
rapid sand 
single unit. Eco 
either municipal 
Dort 


ment 
filter 
nomic 
or industrial users 
Oliver Inc 


advantages tor 
are discusse d 


123R 
Pipe Coatings—A 40-page booklet 
pictures that describes the history and 


pipe Koppers 


with 
present use ol oatings 
Co. Ine 


124K 
Pipe Couplings & Fittings—A 42-pag¢ 
catalog including intormation 
on Dresser pipe couplings and fittings, 
repair clamps 
available for the water and 


Mig. Co 


gene ral 
pipe and sleeves etc 
sewage 


Dresser 


125R 

Pipe Cutter—A catalog sheet giving de 
Models 6 and 12 pipe cutters 
iron, Duriron, vitreous 
and sewer tile 
included 
Corp 


tails on 
tor cutting 
clay water pipe 
\ parts and price list is 

Spring Load Manufacturing 


cast 
cement 


also 


126R 

Pipe Locators—A_ brochure 
the new method of 
or ‘printed’ circuitry now 
the Wilkinson Line Locator 
cluded is a description of 
long life 
instrument 


describing 
automation etched 
employed in 
Also, in 
new type 
and phe 
material used in the 


Wilkinson Products Co 


selective antennas 
nolic 


Case 


127R 

Pipe Locator 
pipe and leak 
Measurements 


brochure on 
Computer 


Descriptive 
locators 
Corp 


128R 

Pipe Tools 
cutters, pipe 
cessory parts 


Catalog 39 discusses pipe 
clamps and plugs, and ac 


Ellis & Ford Mfg. Co 


129R 

Pipe Laying & Jointing Tools & Equip- 
ment—A complete general catalog 
showing the line of equipment tor wa 
ter, sewer and gas lines Joseph G 
Pollard Co., Ine 


130R 
Plastic Pipe & Fittings—A 
bulletins giving technical data, 
list of resistant chemicals, etc. on Van 
Cor diaphragm valves, pipe and fittings 
Colonial Plastics Mfg Lo 


series ot 


three 


Valves 


Plug Valves—See 


131R 

Pneumatic Control System—bBulletin 
1100 describes the Infilco C A P system 
of instantaneous pneumatic control for 
water treatment plants.—Infilco Inc 


132R 

Pneumatic Transmitter—Bulletin 
L2A describes the BalanCel transmitter 
as a simple force-balance device for 
transmission of flow, level, and pressure 
data. Also for the summation, averag 
ing, etc., of two quantities.—Builders- 
Providence, Inc 


285 


133R 

pH and Chlorine Control—A 
describing the Taylor colorimetric 
comparator for pH, chlorine, phosphate, 
etc., as well as for water analysis. The 
handbook contains valuable infor 
mation on the theory and applications 
of colorimetric control methods ; 


\. Taylor & Co 


handbook 


slide 


also 


134R 
pH Instruments— A series of 
letins on portable pH meters and 12 
bulletins on industrial pH meters pro 
complete information com 
meters.— Beckman 


three bul 


on the 


Instruments 


vide 
pany’s 
Inc. 


135R 

Porous Media 
of porous ceramic plates and 
a wide variety of equipment 
the treatment of water, sewage 
dustrial wastes. Charts and 
provide data required in operating units 
equipped with these porous media 
The Carborundum Co 


Bulletin describes us 
tubes it 
used it 
and in 


tables he Ip 


136R 
Portable Blower—Spex 
tails on the Homelite 
that provides 1500 
Corp 


Sheet gives de 
Carryable Blower 


ctm Homelite 


137R 

Portable Generators— | 
discussion of the many 
tions ota portable generator along with 
a list of features and 
Homelite Corp 


his bulletin con 
tains a applica 
construction de 


tails 


Portable Pumps—See Pumps 


138R 

Pressure Pipe, Asbestos Cement—An 
8-page, 2-color folder featuring Trans 
ite asbestos-cement Pressure Pipe, its 
manutacture, properties and advantages 
The folder also shows how, in combina 
tion with the Ring-Tite coupling, makes 
possible installing water lines faster to 
last longer. Various installation photos 
are included.—Johns-Manville Co 


139R 

Prestressed Concrete—Bulletin 
history of how prestressing saved 
and materials in the construction 
Owl’s Head sewage treatment 


New York Preload Co., Inc 


gives 
case 
time 
of the 

plant in 


140R 

Proportioning Pump—Bulletin 1260-2 
describes on automatic and proportion- 
feeder, the Chem-O-Feed- 
er which utilizes water from the main 
itself and which will feed disinfecting 
solution in proportion to variable flow 
in the main.—Proportioneers, Inc 


ing chemical 


141R 

Protective Coating—A bulletin on 100 
per cent inorganic zinc silicate coating 
that provides near-permanent protection 
to steel exposed to severe conditions of 
rust, weathering, salt air and water ex- 
posures.—Amercoat Corp 


142R 

Protective Coating—A 32-page hand 
book discussing what NoDrip Plastic 
Coating is and what it does ). W 


Mortell Co 


143R 
Protective Coating—-Twelve 
containing illustrated 
Bitumastic cold applied 
with application data 


pare folder 
de scriptions of 
coatings, along 


Koppers Co. Ink 


144R 

Protective Coating——A 

[-Lock Amer-Plate, a continuous plas 

lining. “T-Lock” refers to 
[ shaped ribs which project from 
back of the sheet, and lock the 

heet into the pipe or structure 

cast \mercoat 


bulletin on the 


sewer 


whe n 
Corp 


the concrete is 


145R 

Protective Tape 
eral, technical and 
NoDrip tape tor 
water 1 W 


Form D-40 gives gen 
application data on 

small diameter cold 
Mortell Co 


pipes 
146R 
Pumps, Centrifugal—A 24-page bulletin 


on single double suction centrifu 
gal pumps \llis-Chalmers Mfg. Co 


stage 


147R 

Pumps, Centrifugal— Basic fact 
16-page, 2-color Hand 
book For Care of Centrifugal Pumps 
he handbook provides a quick diagno 
sis of pump ills—symtoms, causes, cures 
and other data that can be applied to 
all makes of centrifugal pumps Allis 
Mfg. Co 


and in 


formation in a 


Chalmers 


148R 

Pumps, Centrifugal—Bulletin 1002 dis 
single stage and double 
suction centrifugal pumps with a capac- 
OOO gpm Bulletin 


cusses single 
ity range of 50 to 
1004 single stage double suction 
centrifugal pumps with capacities of 
1,000 to 20,000 gpm and heads to 350 
feet. Two-stage horizontal pumps with 
capacities of 75 to 3,000 gpm and heads 
to 750 feet are covered in bulletin 1501 
R.—De Laval Steam Turbine Co 


covers 


149R 

Pumps, Centrifugal—Fight 
log on double suction, general 
centrifugal pumps. It shows construc 
tion details up to 3 inch discharge size 


cata- 


page 


service 
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and 4 to 10 inch discharge size. Design 
advantages, drives and typical perform 
curves along with installation pic- 
shown.—Economy Pumps 


Wheeler Co 


ance 
tures are 


Div. of C. H 


150R 
Pumps, 
of Centrifugal 
proper 
Mfg Co 


Centrifugal—“Handbook for 
Pumps” is an illus 
maintenance 


(are 
trated guide to 
Allis-Chalmers 


SIR 
Pumps, 
245A discusses the 
[ype “FA” discharge head, hollow 
‘tor drive, deep well turbine 
Complete specifications and a 
explain construction 


Well Works 


Deep Well Turbine—Bulletin 


water lubricated, 


shaft, m 
pumps 

cut-away 
features 


drawing 
American 


152R 


Pumps, Diaphragm Slurry—Bulletin 
KSP-1 describes the Komline-Sander 
diaphragm slurry pump, a 
featuring dual ball 
variable speed drive 
pumping action, 
characteris 


on 2 im 
self-contained unit 
check and 
which gentle 
positive feed and metering 


ti K« 


valves 
permit 
Engineering 


miline-Sanderson 


Pumps, Freflo—A 12 page bulletin cov 
iorizontal and vertical Freflo 
handling sewage and indus 
contains rating curves 
Also included ar 
selection of shafting tor 
pumps. Complete di 
given for all pump 
Corp 


ering 
pumps tor 
trial wastes. It 

18 pump 


arts for 


models 


th verticle 
data are 
W orthington 


bulletin 
Carryable 
5.500 
hour 


Portable—— A 


ompany’s 


] 
12-page 


Pumps, 
t | line of 


1 . t ¢ 
imps with capacities of trom 
| to 15,000 gals. per 
stallations photos and a_ discussion 
features are also in 
Corp 


Ss. per hour 


p 
ga 
Ir 


onstruction 
Homelite 


ot 


Pumps, 
4102 discusses the 


s5R 
Sewage and Sump—Bulletin 
sump pump for in 
dustrial recreational parks, 
and pools. Bulletin 3215 covers the 
Drain-Dri sump pump, a heavy duty 
handling drainage and seepage 
free from grit. Bulletin 6251 
sewage pumps tor 
stations and 
Bros Lo 


buildings, 


unit tor 
relatively 
discusses vertical 
treatment plants 
industries 


booster 


similar Yeomans 


156K 

Pump, Solids—A bulletin presenting the 
Wemco Torque-Flow Solids Pump and 
lescribing how this pump eliminates 
the conventional impeller. Cutaway 
drawings show the opera 
A complete dimension 


Western Ma 


photos and 
tion of the pump 
chart is also included 


chinery Co 


157R 

Pumps, Submersible—A 12-page bulle- 
tin describes the line of BJ Submers- 
1956 
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lists their advantages. Safety 
special applications, specifica- 
selection chart are included 
\ list of typical municipal and indus- 
trial users are given along with a list 
of the sales and service offices.—Byron 
Jackson, Div. of Borg-Warner Corp. 


ibles and 
features, 
tions and 


158R 
Pumps, 
featur ing 
pumps 


bulletin 
sump 


condensed 
and 


Sump— A 
vertical sewage 


Weil Pump Co 


159R 

Rate Controllers 
and 680-]94 on filter 
wash rate controllers 


dene e. Inc 


600-G6A 
back 


Provi 


Bulletins 
effluent or 
Builders 


160R 

Receiver-Recorder— Specification 
E12-5 and G91-9 covers the receiver re 
corder for pneumatic and electronic 
telemetering systems. This unit contin 
uously records as many as four vari- 
ables in any combination. Designed for 
plug-in receivers and controllers. Pneu 
ARMOR 


Pneumatic 


she ets 


connecting lines use 
Flexible. Protected 
Bailey Meter Co 


matin 
rUBE 
Cable 


161R 

Recorders-Indicators—A handbook for 
Presents detailed specifica 
ElectroniK non-control 
instruments.—Minneapolis 
Regulator Co 


engineers 
tions tor 
precision 
Honeywell 


162k 

Remote Control 

flo telemetering, 

matic and electrical 

control of level, pressure, 
Builders Providence, Inc 


Bulletins on Chrono 
“Synchro-Scan,” pneu 
transmission and 
pumps et 


163R 
Remote 
scribing 


folder de 
pumps, 
remotely or locally operated 
Taller & Cooper Ine 


Control System—A 
system whereby valves, 
et can be 


over 2 wires 


Sewage & Sump Pumps—See Pumps 
164R 

Sewage and Waste Treatment 
No. 300 is a general catalog of equip 
and methods for modern waste 
treatment—Pacific Flush Tank Co 


Bulletin 
ment 
165R 


Samplers 


dis« usses the 


and 


I wake 


Bulletin 131 
Irebler 
side Engineering Corp 


illustrates 
samplers 


166R 

Screening Equipment—Booklet 2587 il 
lustrates and discusses Link-Belt’s line 
of screening equipment tor water, sew 
age and industrial waste. Dimension 
drawings and specifications are included 


Link-Belt Co 


167R 
Sewage Ejector 
mechanically and 
pneumatic ejector for 
bearing liquids and 
Bros. Co 


Bulletins describing 
electrically controlled 
handling solids 


wastes.— Yeomans 


168R 

Sewage Ejectors—Bulletin SE-860-C 
describes submersible sewage ejectors 
designed for handling sewage, large 
drainage loads, such as _ underpasses, 
sewage lift stations, et Weil Pump 
Lo 


169R 

Sewage Ejector—A series of engineer 
ing tables provides a simplified method 
of selecting clog-proof “Flush Kleen” 
sewage ejectors. Examples are given 
for determining the inflow, discharge 
heads and type of ejector to use In var- 


ious applications.—Chicago Pump Co 


170R 

Sewage Ejector System, Pneumatic 

12 page, color booklet describes the 
Blackburn-Smith Pneumatic Sewage 
Ejector that can be operated by either 
a mechanical float and electric float 
switch, a mechanical float and pneumat- 
ically controlled air valves, or electrode 
controls. Performance charts, photo 
and installation diagrams are 
also included Blackburn-Smith Mfg 
Co., Ine 


graphs 


171R 

Sewage Lift Station—A folder descril- 
ing the “Mon-O-Ject”, a factory-built 
single pneumatic ejector sewage lift 
station. The unit is built for under 
ground installation and is available in 
capacities of from 30 to 100 gal. per min 
Smith & Loveless, Inc 


172R 

Sewage Treatment—Bulletin 6041, 
Dorr-Oliver Equipment and Methods 
for Modern Sewage Treatment, de 
scribes briefly major components of 
Dorr-Oliver equipment available for 
primary through complete sewage treat 
ment.—Dorr-Oliver Inc 


173R 

Sewage Treatment 

tion on Pacific Flush 
available in a series of 
tins, fully illustrated 

and diagrams.—Pacific 


Detailed 
Tank 


informa 
equipment 
technical bulle 
with photographs 


Flush Tank Co 


174R 

Sewage Jointing—Three folders discuss 
and illustrate how unusual joint sealing 
problems were solved at different loca 
including 25-mile, 18-mile and 
92-mile sewer projects.—Presstite-Key 
stone Engineering Products Co 


trons 


175R 

Sewer Pipe, Asbestos Cement—An 8 
page, 2-color folder featuring Transit 
asbestos-cement sewer pipe, lists its 
advantages, and how it, with the Ring 
Tite coupling makes possible tight sew 
er systems at low installation 
Johns-Manville Co 


cost 


176R 

Sewer Pipe, Clay—Catalog SE-50 gives 
a complete summary of shapes and sizes 
of clay sewer pipe and supplementary 
clay products.—Natco Corp 
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177R 

Sewer Sealing System—‘3 
lighter Sewer Joints” is a 2U-page 
ooklet on the Presstite Sealing Sys- 
tem. The three steps, specifications, and 
actual installation photographs are also 
included. Presstite-Keystone Engineer- 
ing Products Co 


Steps to 


178R 

Silica (Activated) Feeder—Catalog 
60.110 gives description, design features, 
operating instructions and technical in- 
formation on the series A-637 WT 
Silactor, a device for the continuous 
production and application of chlorine 
Wallace & Tiernan, 


activated silica 


Ine 


179R 
Silica Activator and Feeder—Bulletin 
63-M1 describes equipment designed for 
ie continuous activation and feeding 
of sodium silicate. The unit features 
starting, automatic rinse, anti- 
gel interlock and variation of aging con 
centration and 
Machine Co 


sequence 


aging time Omega 


180R 
Silicate, Sodium—A 


how 


bulletin describing 
serves industry and 
listing of pro 
company with a 
Phila lelphia 


silicate of soda 


Zives a compre hensive 
ducts made by the 


description of their uses 


Wuartz Co 


ISIR 

Slide Gates— Discusses gates and guides 
of acid and alkaline resistant Chem- 
Guides may be set in place before 
Filtration Equip 


stone 
pouring concrete 


Corp 


182k 


Sludge Digesters—Bulletin 


complete information on the 


‘ 


135 gives 
>pirages 
Engineet Corp 


ers | akeside Ing 


IASI 
Sludge Digestion—Bulletin 6262 de 
Dorrco Det 
consisting of a 
digester and 
Dort 


Process 
thickener, 
exc hange r 


cribes the sludge 


grit washer, 
spiral heat 
Oliver Inc 


184R 

Sludge Digestion 
ents the Dorr type 
1 


incorporates singie 


Bulletin 6591 pre 
MA digester which 
stage digestion, 


mixing and gas storage 


Dorr-Oliver Inc 


igh capacity 


, 
i Single unit 
185R 


Sludge Digestion 
controlled 


bulletins 
sludge 


speciii are 
diges 
garbage diges 


Tank Co 


available on 
tion, heat 


tion, et 


exc hange rs, 
Pacific Flush 


186R 

Sludge Digestion Tanks—Bulletin on 
use of prestressed concrete in the con 
struction of sludge tanks 
Preload Co., Inc 


digestion 


187R 

Sludge Drying and Incineration—Bulle- 
tin FD-52 covers the C-E Raymond 
System of Sludge Drying and Incinera- 
tion. It briefly outlines the problem of 
sewage disposal and shows why heat 
drying and incineration are regarded 
as an ideal solution. Diagrams and pho- 
tographs are included.—Combus- 
tion Engineering Inc. 


also 


188R 

Sludge Removal details 
the American American cir- 
cular clarifier, and the American sludge 
control valve used in sludge removal 
Diagrams and installation photos are 


included American Well Works 


Bulletin 253B 


conveyor, 


189R 

Sludge Remover 
ers the low 
sludge remover 
agrams of the unit are 
Chain Belt Co 


Bulletin 315-81 
nitube Tow 
Photographs and di 
included 


cov- 


cost Rex | sro 


also 


190R 

Softener and Clarifier 
tor, a high rate cold 
and clarifier. Cut-away 
drawing is included 
ter Conditioning Co 


rhe 


process 


Reactiva 
sottener 

“how-it-works,” 

Wa 


also Graver 


Standpipes— See 


Elevated Storage 


191R 
Steel Pipe—Booklet 402 the 


construction of a 72-inch Ramapo force 
main for the North Jersey Water Com- 
mission. Booklet 408 covers the con 
struction of a 37,000-ft. Northwest 
pumping main at Reading Pa. The 
Welded Steel Pipe booklet describes 
the fabrication of a 96-inch steel pipe 
ind its installation at Sparrows Point, 
Md.—Bethlehem Steel Co 


desc ribes 


Submersible Pumps—See Pumps 


192R 

Supervisory Control—Bulletin 240-M6 

describes unlimited number of control 

or advisory functions from central 

trol panel over widely spread system 

using sequencing transmission system 
Builders-Providence, Inc 


con- 


193R 

Supervisory Control—Bulletin AA-2 de 
some of the applications of 
supervisory control tor plant operations, 
provides illustrations of the various 
equipment used and gives a brief de 
scription of the method of operation for 
this automatic and remote control unit 

Control Corp 


scribes 


194R 

Surge and Water Hammer Control—A 
bulletin on the Controlled Closing Air 
Valve designed for the protection of 
pipe lines against surge built-up pres- 
sures or water hammer.—Simplex Valve 
& Meter Co 


195R 

Steam Cleaner—Booklet 
Hypressure Jenny steam cleaner for 
cleaning and deodorizing bar screens, 
grit and scum loading pits, etc—Home- 
stead Valve Mfg. Co 


discusses the 


196R 

Tapping Machines—Bulletin T-54 dis- 
the Smith tapping machine for 
tapping operations 2 to 12 inches. Fea- 
tures of power and hand operated ma- 
chines, and operating in 
structions included.—A. P 
Mig Lo 


cusses 


accessories 


are also 


197R 

Tapping Sleeves and Valves—A circu- 
lar on tapping sleeves and valves.—M & 
H Valve and Fittings Co 


198R 

Telemetering—A bulletin describing the 
I'M-15 high speed telemetering system 
and the principle of its operation and 
possible applications. Illustrations are 
included Control Corp 


199R 

Telemetering— Bulletins on tone 
ing equipment and remote 
equipment tor plant operations 
marlund Mfg. Co., Inc 


signal 
control 
Ham 


200R 

Taste and Odor Control—This booklet 
describes the use of Aqua Nuchar a 
tivated carbon in water purification 
West Virginia Pulp & Paper Co 


201R 
Tenon Tool 
formation on 


A catalog sheet with in- 
the Spring Load tenon 
tool. This tool will machine pipe ends 
for: Ring-Tite couplings; Simplex 
couplings; Roto-Split flanges; poured 
flange assembly; tapered couplings; 
making closures; and end facing 
Spring Load Manufacturing Corp 


202R 

Trash Racks—Bulletin No. 158 de 
scribes the Leonard Trash Rack Rakes 
with dimensions, specifications, and 
typical arrangements.—S. Morgan 
Smith Co 


203R 
Trenchers and Backfillers—A 
booklet describing the 
ing: specifications ol 
95 “Baby Diggers,” 
240, and 320 
models 80W 
tographs of 


2 color 
features and list 
the models 92 and 
the models 110, 140, 
standard trenchers, and 
and 190 backfillers. Pho 
each piece of equipment 
are shown along with illustrations of 
the equipment in operation.—Cleveland 
rrencher Co 


204R 


Trenching & Construction Equipment 

Thirteen bulletins on tractors, crawl 
ers, trenchers and loaders for installa 
tion of water mains or sewers Oliver 
Corp 
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205R 

Trickling Filter Distributor 
describes the Dorrco Distrbutor, 
1 self-propelled rotary unit for low and 
| trickling filters ——Dorr-Oliver 


This bul- 


letir 


1g rate 


AN 


Trickling Filters Distributor—Bulletin 
313 vers spreader jets for rotary dis- 


ling filters.—Pacitfic 


SISA « 


trict 
ricK 


R 
Upflow 


Clarifier—Bulletin 6W46 


claritlow unit, a_ ve 
unit for circular, square 
ngular tanks.—Walker Pro- 


ne 


eigent 


U pflow 


age, 4-c 


Coayulation—Twenty 
lor ulletin describes the de 
elopment operating teatures and 

ne characteristics of the *Ax¢ 


Infileo Ine 


Upflow Coagulation Unit—A 20-page 
illet lescribes the operation advan 
Per 
flow 


otos and speci- 


features of the 
and ontains 
pl 


{ 


Latest information on 


vacuum filter 


Vacuum Filter 

e | filter. a which fea 
clogging permanent filter 
output, low 


ind simplified operation 


yttain constant 


of equipment are listed 
: eering 


lerson nei 


2000 
Meter 


and 


Meter Boxes—Pulletin 
Roadway, Service and 
il ng it! Manhole 

ma Pipe Co 


and 


Frame s 


Controls and Gear Drives—A 
| trating and discussing vari 


including 


; ’ 


gear motors and control 
milorque valve controls. Cata 
mbet ire given for complete u 


product Phila 
Ine 


1 pout eac 


bronze 
le, check 
pivot 


Valve 


ang 


gates 


Valves—Cat 


W wort 


ly Va or 


ISR 

Valves, Air \ atalog giving complete 
information on the Crispin Air Valve 
Multiplex Manufacturing Co 

1956 
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216R 

Valves, Altitude and Level—Bulletin 
W-4-A describes altitude valves and 
modifications of water level control 
valves.—Golden-Anderson Valve Spe- 
cialty Co 


217R 

Valves and Hydrants—Circular 49 is a 
listing of a complete line of gate valves 
hydrarts with mechanical joint 
H Valve and Fittings Co. 


and 
ends.—M & 


218R 

Valves and Hydrants with Ring Tite 
Joint—A discussion of Smith gate 
valves and fire hydrants now available 
with Ring-Tite coupling joint for Trans- 
ite pressure pipe. The back page lists 
the company’s line of products for wa- 
er works, gas and oil industries.—A. 
P. Smith Mfg. Co 


19K 

Valves, Butterfly—A manual on rubber 
seated butterfly valves containing com- 
information including data on 
operator selection, theory 
etc Henry Pratt Co. 


plete 
sizing, 
design, 


V alve 
of valve 


Ine 


20R 
Valves, Butterfly—Bulletin 650-LIB on 
tight-closing rubber seated butterfly 
valves built to AWWA specifications 


Builders-Providence, Inc 


221R 

Valves, specifications of 
positioned 

motors tor 


Butterfly 
Continental butterfly valves 
by Honeywell diaphragm 
precise control of water, sewage, sludge 
and other fluid flow rates.— Minneapolis- 
Honeywell Regulator Co 


2 2R 
Valves, Check 
de sc ribes 
swing valves 


Valve Specialty Co 


illust- 
type 
Anderson 


Bulletin #W-1 
cushioned 
Golden 


rates and 


Valves Cone—A 


scribing Rotovalves, 


32-page bulletin de 
with complete dim 
and various ap 
Smith Co 


arrangements 


Morgan 


ensions, 
plic ition > 


4g R 
Valves, Diaphragm—Folder gives com 
plete information on the Grinnell- 
Saunders strightway diaphragm valve 
Grinnell Co. Inc 


95 RP 
Valves, Gate 
he complete line of 
works gate 
facilities and details on each 
and discussed Ludlow 
Manufacturing Co., Ine 


\ 38 page bulletin listing 
double disc parallel 
valves. Plant 

valve are il 


Valve 


seat water 


lustrated 


226R 

Valves, Gate—Bulletin A describes the 
line of gate valves manufac 
the company.—Rensselaer 
Div 


complete 
tured by 
Valve Co., 


07 


ews 

Valves, Plug—Book 39-2 describes cam- 
sealed quarter-turn plug valves. Book 
39-3 shows lever-sealed quarter-turn 
plug valves with built-in means of 
moving plug under all conditions. 
3ook 39-5 describes lubricated plug 
valves in strailghtway, 3-way, 4-way and 
multiple port types—Homestead Valve 
Mfg Co 


228R 

Valves, Plug—Catalog on valves for 
water, sludge gas service; valve acces- 
sories and lubricants.—Rockwell Mig 
Co 

220R 
Valves, Plug—This 18-page manual dis 
cusses the various lubricants for AC] 
plug valves. Amply illustrated with 
photographs and tables the manual gives 
descriptions of the lubricants, 
recommendations and ordering instruc- 
tions for the lubricants ACF Indust- 
ries, Inc 


service 


230R 

Water and Waste-Water Equipment 

Catalog 833 gives the complete line of 
Jeffrey equipment for the treatment of 
water, sewage and industrial waste. In 
cluded are grit and collectors 
bar and water scree culation 
equipment, scum removers, etc.—Jeffrey 
Manufacturing Co 


sludge 
ns, flo. 


231R 

Water and Waste-Water Treatment 
Bulletin 35-D illustrates 
equipment used for treatment of water, 
sewage and trade wastes.—Hardinge Co 


232R 


and de scribes 


Travelling—A 4-page 
data on travelling 
positive removal of 
floating debris, and suspended matter 
from water treatment plant influent 
Jeffrey Manufacturing Co 


Water Screens, 
bulletin containing 
water screens tor 


233R 

Water Treatment—A general folder lists 
the various bulletins, pertaining to water 
treatment.—General Filter Co 


234R 
Well Screens bulletins pre 
sents the construction, development and 
operation of wells—Edward E. Johnson, 
Inc 


Series ot 


235R 

Well Strainers—A 
describes the self cleaning V shaped 
slot well strainers, and contains infor 
mation concerning the recommended 
procedure for well strainer installation, 
Cook Well Strainer Co 


new 48-page catalog 


uses, etc 


236R 

Well Water Systems 
lustrates and discusses 
allied: services and 
from the company 
Ine 


Bulletin 100 il 
pumps, drilling, 
equipment available 

Layne & Bowler, 


237R 

Wrought Iron Pipe—A catalog listing 
current literature on wrought iron pipe 
and plates.—A. M. Byers Co 
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Diatomite Filtration 


Diffuser, Maintenance 


.(°52) 


-("55) 


(52) 


(56) 


(55) R-119 
R-149 
(65) R-97 
R-219 

R-73 
R-113 
R-153 

R-78 
R-151 


. (56) 


("56) 


("66) 


('52) 


R-117 


(96) 


(54) R-276 
(52) R-89 
R-355 


R-118 


('65) 
(65) R-119 


R-119 
62) R-161 


65) 


R-105 
P.-99 
R-102 
R-82 


('55) 
(66) 
"63) 


("62) 


R-176 
R-27 


"63) R-132 


(55) R-26 


R-363 
R-355 


56) 


65) 


R-58 


(66) 
R-104 


"65) 


65) R-122 


56) R-271 
R-331 
R-19 
R-136 
R-183 
R-337 
R-341 
R-69 


56) 
(52) 
66) 
"b6) 
"bé) 
66) 
('64) 
(56) R-324 


(56) R-330 


(53) R-66 


(65) R-291 


('66) 
(65) R-267 


R-189 
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Diffuser Media (See ACTIVATED SLUDGE) 
..(°66) R-296 
("55) R-289 


Digesters, Sludge 


Digester Liming 





Digestion (See SLUDGE DIGESTION) 


Directory of State Sanitary Engineers (63) R-214 


Disaster Preparedness "b2) Mag. 141 


Directory of Water Pollution Control Agencies. .................. .(°53) R-215 


Discharge Tables 
Sewer Pipe ..(°52) R-178 
-("62) R-135 


eevee (52) R-135 


Clay 
Fire flows 

Fire Streams 
Disinfection 

Tanks, spraying methods (63) R-77 


Disposal, Sludge saesasennemmmtinienpicienennptmnaties (55) R-281 


Distribution (65) R-143 


Distribution System 
(56) R-125 
see (°55) R-181 
(54) R-23 
..('52) R-19 
.(°54) R-77 
(65) R-290 
(56) R-142 
(54) R-33 
..(°55) R-146 
(55) R-187 


Adequate 
Altitude Valves 
Cleaning and Lining 

Design, Maintenance and Operation 
Extension financing 
Main Flushing 
Pressure Regulators 
Tank 


Storage 


Steel Reservoirs 


Valves and Hydrant Maintenance 
Dosage Control 
R-94, R-96 


R-149 


Copper sulfate for algae 


Chlorine for sewage 
Dry Chemical Feeders (See FEEDING DEVICES, CHEMICAL) 
supply 


Dwindling, water 


Economics of Water Softening ‘ = (62) R-9) 


Efficiencies 
Relations to H.P 
Ejector and Washer, Grit 


(56) R-362 
(52) R-166 
Electricity 
(56) R-58 
Mag. 204 
(56) R-59 
53) Mag. 186 
(55) R-57 


Data on 

Electric Controller Maintenance 
Equipment Operation 
In the Plant 
Practical in the Plant 


Electronic Equipment for Locating Buried Pipes (53) R-87 


me 


Elevated Storage , ~»('55) R-146 
Elutriation (56) R-305 
Engineering Fundamentals (56) R-350 


Equation of Pipes (°56) R-358 


Engines (See GAS ENGINES) 


Equipment 
Electrical, Operations 
Plant (63) R-144, 


*b6) R-59 
R-247 
R-208 


Sewage Treatment 


Sewerage works 


Equivalents 
Alkalinity "b5) R-334 
Decimals of Fractions (55) R-104 
(63) R-212 
(52) R-89 


Engineering Data 


Metric 


Estimation of 
Evaluation 


Expansion Chart (65) R-254 


Factors and Engineering Data (65) R-357 


—("52), (55) or (56) 


(53), (°54), 


Feeding Devices 

Checking chart (52) R-66, (°565) R-89 
Chemicals -('55) R-91, ('66) R-83 
Handling, Chemicals seen R-81, ("56) R-83, R-84 
Dry feed doses in GPG and oz. per min. . see (54) R-108 
for Selecting ..('56) R-84 
Materials for (64) R-173 





Guides 
Resistant 
Fertilizer, Sludge 
Sludge as Fertilizer 
Utilization 


(54) R-228, ('55) R-302 
(63) R-203, (°566) R-317 
Filter 

High Rate 


Instrument 


(65) R-261 

suainensas (66) R-74 
(66) R-106, (56) R-109 
(63) R-186, ("55) R-259 
(56) R-309 

- ("54)..R-105 
eocesnesessenenssennanaessgensen (65) R-201 


Trickling Filters 
Maintenance 
Membrane eseneee 
Trickling, Operation 
Vacuum, Blankets 

Washing, Rapid Sand Filter 
Washing and Maintenance 


Filtrability Test, Water (65) R-115 


Filtration, Diatomite ..('566) R-189 


Filtration, Water (65) R-199, (56) R-185 


Financire¢ 
(54) R-77 
= (54) R-184 
(52) R-139, (55) R-20 


Distribution system extensions 


Sewerage improvements 
Sewage works 
Fire 
Flow Required for Towns 
Hydrant (See HYDRANT) 
Effective (52) R-135 
(56) R-136 
.. (56) R-154 
(56) R-35 


(56) R-135 


Streams, 
Streams vs. Pipe Size 
Fire Hydrant Flow 


Fire Protection Charges 


Fittings 


Flow (Also see HYDRAULICS) 
(Manning formula) (52) R-178 
Concrete pipe line ; (52) R-176, (55) R-344 
Plant . (°56) R-16 
(62) R-135 
Required (66) R-135 
gage (56) R-154 
Power relation (54) R-102 
Williams formula for pipe (52) R-176, R-180 
(64) R-99 
Head Loss Through Valves and Fittings (56) R-361 
House Service Pipes "b6) R-26 
In Sewers 56) R-68 
(56) R-60 
Measurement devices and meters (56) R-67 
Measurement by iy , (54) R-169 
(54) R-276 


Channel, open 


Diagrams, 
Fire 
Fire Flows 
hydrant 


Friction 


Fire 


Hazen 
Head Loss in Concrete Pipes by Scobey Formula 


Measurement 


Orifice 
Parshall 
Pipe 
Pipe diagram (Williams-Hazen) 
Pipe Diameters— Velocity Head 
Power— Friction lation 


flumes 


Loss 


Fluoridation 
Automatic Control (°66) R-219 
Flushing, Small Mains (55) R-196 


Food waste (See GARBAGE) 


with Compressed 


Formulas 
Hazen & 
Manning 


(62) R-180, R-181 
(56) R-70 


lams 


(56) R-224 
(55) R-348 

(56) R-46 
(62) R-182 
(56) R-350 
(53) R-102 


Freezing of &ma'l Pipes for Repairs 


Friction In Water Pipes (see LOSS OF HEAD) 


Functional Operations 
Functions of Numbers 
Fundamentals, Engineering 


Fundamentals of Corrosion and Its Mitigation 


Gage, Fire Hydrant Flow (66) R-164 


Garbage 


Addition p «.('66) R-308 
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All 


Digestion with sewage sludge ("62) R-159 


Garden Hose for Pump Packing .(°56) R-343 


Gas 


Utilization (66) R-293 


Gas Masks (56) R-43 


Gate Valve Care and Maintenance (64) R-89, (55) R-187 


Graphical Approach to Statistics "62) 


R-106 

Grinding on ‘a 66) R-247 

Grit 
Collection 


E iector 


66) 
62) 
62) 


R-247 
R-166 
R-166 


Washing 


Growth of Air Conditioning (55) R-32 


Grewths, Chlorination Controls (55) R-209 


Guides for Selecting Chemical Feeders R-84 


("56) 


Hammer, Water (See WATER HAMMER) 


Handling 
Chemica (55) R-81 


Chlorine R-196 


(56) 


Hardness and Seap Consumption (62) 


R-93 


Hardness Reduction vs. Removal (53) R-97 


Hardness Removal (62) R-41 


Hazen-Williams Flow Nomograph R-180, R-181 


Head (Also see FLOW 
Entering 
LOSS OF HEAD) 
Relation 


and HYDRAULICS) 
(56) 


Limiting R-49 
Loss (See 


R-55 
R-362 


Table ("62) 


(56) 


Pressure 


Relationships 


Health, Copper (65) R-118 


Heating Sludge Digesters (See SLUDGE DIGESTION, Heating) 


High Rate Trickling Filters (65) R-261 


High Rate Trickling Filter Performance (56) 


R-267 


History of Water Supply 63) Mag. 191 


Horizontal Cylinders, Contents of ("65) R-355 


Horsepower 


R-362 


House Service Pipes, Flow R-26 


Hydrant ( Als« 
Discharge 
Flow 


Maintenance 


see FIRE) 


measurement R-40, 


(54) 


(56) 


R-83 
R-154 
R-187 


wage 


Also see FLOW and HEAD) 


and 


Hydraulics 

Channels conduits 
Ent 
Hazen- Williams 
Loss of Head in 


Orifice 


R-178 
R-346 
R-181 
R-351 
R-57 
R-180 
R-181 
R-359 


ance 


losses 
formula 


R-180 


('56) 


nomograph 
Pipe and Fittings 
Measurement ) 


Pipe flow lilagram 


Power loss due to pipe line friction 


Single Pipe Lines 


Hydraulica of Single Pipe Lines R-359 


Hydrogen Sulfide Determination R-330 


Industrial Waste 
Chlorination 
Lenera 
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(55) or (56) 


Instrumentation ('65) R-73 

R-67 
R-230 
R-219 
R-335 
R-328 
R-314 


R-337 


Measurement 

Rate Formulas 
Reclamation and Disposal 
Toxic waste limits 
Trailers 
Treatment 


for Surveys (56) 
(55) 
Inhibitors for Cleaning Metalic Pipe ..(°55) 


Instrumentation and Control 56) R-73 
R-73 
R-77 
R-74 


Instrumentation, Industrial Waste 65) 


Instruments in Sewage Works "B5) 


Instruments, Maintenance 


Introductory Comment 


R-13 


Inquiry, Basic Factors in Preparing R-50 


Iron 
Coagulants (See FERRIC SALTS) 
Removal ('53) ("56) 


(54) 


R-209 


Removal and Water R-123 


Softening 


J 


Jointing and Laying of Sewer Pipes 


Laboratory Control 


R-113 


('55) 


Lagooning, Sludge ("52) R-167 


Lagoons, Sewage (56) 


R-261 


Land Measure R-336 


(56) 
Laying and Jointing of Sewer Pipes R-329 
Leaks 

Costs R-&8 
R-29 


Locating 


Legal Problems Confronting Water Works Management R-34 


Leveling and Aligning Shafts by Simple Method R-270 


Lime 
Buying and 


Using R-315 
Slaking R-214 


Liming a Digester R-289 
Limits for Toxic Wastes R-345 


Lin'ng, Water Main R-169 


Liquid Carbon Dioxide, Recarbonation 


Literature on Water and Sewage Works 


Loading 
I Beams 
Wooden 


t-321 
R-320 


Locating Buried Pipes, Electronic Equipment for (63) R-87 


Locating Lost Sewers and Manholes ' (54) R-202 


Loss of Head (Also see HYDRAULICS) 

Entrance R-346 
R-351 
R-175 
R-347 
R-351 


(55) 
- ("56) 
(52) 
(65) 


66) 


Fittings 
Hydraulic 


Pipe ("R2) 


entrance 


R-180, 


Pipe and Fittings 


Power consumed by 


Lost Sewers and Manholes, Locating 


Lubricated Plug Valves (56) R-149 
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Lubricating Grease and Oils *b5) R-312 Membrane Filter 


Lubrication Check Sheet ........... a ae emer aennoceoveeneoocoorreeseeororsnnnnnnerenmnnsenscnsnntonscnen (66) R-100 
In Water Supply Control (56) R-106 


Metal 
Corrosion See CORROSION) 
Protection (See CATHODIC PROTECTION) 


Meters 
M Industrial waste measurement oe (55) R-67 
TERN censnsseresesccreterereserneennnnns ennetembeineemennaas ‘ R-55, R-65 
_ Maintsining .... paviveeecemenenaeution . venpentuninneetanenenets (56) R-320 


Main Line Metering with Propeller Meters ("54) R-65 Maintenance Shop... abiieibiiesiaanaeanaiapit (°55) R-191 


Main Line Meters : Ae ('54) R-55 . : » (55) R-67 


Mains 
Branches, Relative size of . Fe . hc 
Cleaning with compressed air 


Practical Methods . (64) R-111 

Propeller .......... . ‘ . musnenseviienainbinen ’ (56) R-62 

Renovating . pocesvevesnanenses scsnconsessnseneneseees ('65) R-195 
. Renovating Water Mete eouuenseenecs sas (66) R-179 

Extensions , mite — R-27, (56) R-136 Selection .......... . — ee (54) R-55 

Loss of head (See LOSS OF HEAD) 

Sterilization . essnneuneena "6 R-170 


Cleaning and Lining . a seve R-169 


Sewage Works .............. sentouene _— ieninenes (°65) R-77 

Testing = a — an *52) R-68, R-69 

Maintenance Water . . ‘ R-67 
Air diffusers ; ; (BB) R-267 Waste Flow Measurements ecnneocoeee ; 65) R-67 
Centrifugal Pump "6 -52, ("65) R-48, (566) R-56 Metering . °56) R-175 
Clarifiers and Tricking Filters , wie R-204 
Color Code Your Plant " Methods of Determining CuSO, Dosage ............. . . (54) R-119 
Deep well pumps ‘ R-45 
Distribution System R-19 
Elevated Tanks 4 2) R-19 Methy!-Purple vs. Methyl-Orange in Alkalinity Titrations (66) R-195 


Metric Conversion Table (52) R-89 


Filter , R-201 
Filter Instruments . >) R-74 


Municipal Water softening (52) R-85 


Gate Valve . 54) R-89 
General (55) R-124 
Hydrants and Valves (53) R-93 
Lubrication Check Sheet _ 65) R-313 
Metering Devices (56) R-320 


Meter Shop Layout (55) R-191 Nomog: aphs 


Pipe repairs, small * (52) R-76 Acid & Alkali Waste Neutralization "52) Mag. 166 
Plant Equipment (54) R-204 Block and Tackle "b2) R-74 
Preventive (63) R-139, (°55) R-125 


Preventive Sewer ('64) R-191 


Chlorination Control 65) R-278 
Chlorine Demand "b2) R-149 
Primary Units (55) R-245 Conical pile contents 65) K-242 
Pumping Station (54) R-204 Hazen-Williams formula for pipe flow (562) R-176, R-180, R-181 
Pumps, Deep well (52) R-45 Horizontal Cylinders, Contents of (55) R-355 
Sewage Pumps (56) R-233 
Sewer "63 "BE 237, ('56) R-239 
Steel Water Tanks (66) R-157 
Tanks (66) R-161, R-166, R-172 
Transmission Gears R-204 
Valve 

Valves and hydrants R-187 
Ventilating Equipment (64) R-204 Number of Taps from Pipes 56) R-361 


Water Well (65) R-139, (56) R-121 


Hydraulic entrance losses R-175 
Manning's formula for open channels and (56) R-70 
Pipe capacity chart -28, R-176, R-180 
Pipe flow i -176, R-178, R-180 
Population Equivalent, B.O.D "62) R-171 
Power—Pipe friction relation (62) R-181 


Management 
Administration of Small Water Plants ‘ (54) R-20 
General (56) R-20 ) 
Management Problems Today (56) R-21 ( 

Removal "63 , (55) R-21 - . 

Odor (Also see TASTES and ODORS) 

Manholes, Locating Lost 52) R-15 Control in Small Water Plants 

Manning’s Formula Nomograph (56) R-70 iets 

Sewer 

Manuals on Water and Sewage Works (°66) R-17 a a 

on Se Oil Waste Exclusion from Sewers 

a nn Caen Open Channel Flow (See CHANNEL FLOW) 

Weights "BE 23 Operation 

Resistant, for Handling Chemicals b Centrifugal Pumps "BE R-48 

Distribution System "62) R-19 

Electrical Equipment (65) R-55 

Measurement (Also see FLOW and HYDRAULICS) Functional (56) R-46 
Fire hydrant flow , (54) Pneumatic Storage Tanks (63) R-80 
Flow (66) R-60 Primary Units (65) R-245 
Flow by Orifice "62) R-57, ("54) R-169, ('65) R-67 Problems in Small Plants . (66) R-183 
Flow in Sewers ..('56) R-68 Sewage Pumps (°66) R-233 
Industrial Waste (65) R-67 Sewage Works a (56) R-225 
Land (56) R-336 Water Works . seveeee (56) R-113 
Orifice Method (62) R-67, (54) R-169 
Parshall flume discharge .('54) R-276 
Primary devices (65) R-67 Orifices, Concentric 


Media for Air Diffusions (See ACTIVATED SLUDGE) 


Operation & Maintenance, Milwaukee Sewers (65) R-237 


Measurement of Hydrant Discharge (64) R-83 Orifice Method for Flow Measurement 62) R-57 
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Oxygen Solubility in Pure Water eee (52) R-64 Protective Coatings (Also see CORROSION, and PAINTING) 


Pumps 
Centrifugal 
(62) R-51, R-54, (53) R-23, R-50, (54) R-52, ("SE 3, ('66) R-52 
Deep well . — — . (65) R-44 
Maintenance & Trouble Shooting ............ (66) R-56 
Packing with Garden Hose ..... 56) R-343 


Packing (55) R-49 


“ ste” ersccocescces ‘ -48 4 
Dor (65) Bs Pumps and Pumping ("56) R-48 


Purchasing 


Garden Hose for - ..(°66) R-343 
(54) R-50 Pumping 
- (62) R-102 Design of Sewage Pumping Plants *6E "5é) R-341 
\ _ (54) R-50 General i R-43 
aa ed Sewage & Sludge . "t R-199 
Packages, Chlorine ~ 7 Station Design : 65) R-323 
Terminology . "66) R-243 
Warm Water : (56) R-58 


Handling 
Pointers 
Stuffing B« 


Painting 
Color Code Your Plant 
Damp Water Pipes . aa Purchasing Water Works Supplies & Services . (53) R-21 
Sewage Works Structures (66) R-345 
Storage Tanks, Elevated (53) R-70 Puzzlers, Chemical Feeder (65) R-91 
Tanks (66) R-166, R-172 
Parshall Flames, Flow (65) R-67 
pH 
Relation to alkalinity + (°52) R-105 Q 
Relation to alkalinity and COs (62) R-104 
Zones in Water Supply & Sewage Treatment (66) R-336 
Piles, Content of Conical (55) R-242 Quick Freezing Small Pipes for Repairs 
Pipe 
All purpose chart for (55) R-338 
Bending Chart (54) R-244 
Bends, How to make (52) R-53 R 
Buried, Electronic Equipment for Locating (53) R-87 
(62) R-28 
Clay, Velocity and Discharge in (62) R-178 Rapid Sand Filters (See FILTERS) 
Commercial Size for Fire Streams (56) R-135 
(65) R-344 
(66) R-358 Rate Formulas Industrial Wastes 


Capacity chart 


Rapid Sand Filter Washing 
Concrete, Flow in 
Equation f Pipes 
low oy LA = ) , - Rates of Flow 

a : >t at (Also see FLOW, HYDRAULICS and MEASUREMENT) 
Friction loss in (See LOSS OF HEAD) "65 -3 

‘ Orifice Method 

Hydraulics, Single Pipe Lines 
Line Growths Rating and Sampling Wells 


Painting, Damp Water Pipe : . Recarbonation, Liquid carbon dioxide 

Powergraph for Hazen-Williams formula 

Smoothness Reclamation and Disposal, Waste Water 
es for various sizes Recommended Procedures, Chlorine Supply 
elocity in 

Velocity (gpm vs. pipe dia.) Records (see OPERATION CHARTS, ETC.) 


Pitometer Surveys Records, Commercial (56) R-29 


Plans, Storage f Regulators, Pressure 66) R-142 


Removal 


Pneumatic 
Iron and Manganese 


Grit Washer and Ejector 


Pollution Control, and Water Supply "5 , (56) R-114 Remote Control 


Population Equivalent Nomograph (52) R-171 Renovating Water Meters "6 R-195 


Pollution and Waste Survey, How Industry Makes (63) Mag. 195 Renovating Water Meters 56) R-179 


Power Rents, Water and Sewer Service 65) R-167 


Friction—flow relation : 8 Repainting Steel Water Tanks "63 66) R-172 
Practical Electricity in the Plant "6 7 Repair (Also see MAINTENANCE) 
Practices, Administrative E 28 Pipes (Freezing of) 
Preparing and Using Activated Silica "66 Reports for Plants (See OPERATION CHARTS) 
Pressure Reservoir 
Head relationship tables 6 75 Steel Tanks (54) R-33, 
Regulators £ , 
Resistant Materials for Handling chemical Solutions 


Preventive Maintenance 
ROOT Control in Sewers with Copper Sulfate 


Preventive Sewer Maintenance Program 
Primary Devices and Meters for flow measurement (65) R-67 
Primary Treatment (66) R-246 


Primary Units Maintenance and Operation (56) R-245 


Principles of Handling Chlorine (64) R-146 


(5B) R-37 Safety 


Chlorine Handling 
Propeller Type Meters (66) R-62 Program 


(66) R-43 
(65) R-37 


Program, Safety 
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Water and Sewage Plants (66) R-42 


Sampler, Automatic 157, (°55) R-122 


Sampling and Rating Wells (52) R-49 


Sampling Apparatus for Flocculated Water ..........<..cccccccccseseeeees (54) R-120 


Screening (56) R-247 


Secondary Treatment peeeneanents (65) R-257 


Sedimertation, Notes on R-91 


Selection of 


Centrifugal pumps 


Chemical Feeders 
Meters for 
Meters, Main 


Pumps 


water customer 


line 


Service Charges 


Service Rents Water and Sewer 


Service Lines Blowing out 


House, 


Flow ir 


Sewage 
Chlorination 
Garbage effects 
Gas engines (See GAS ENGINES) 
Odor control 
Pumping 
(See SLUDGE) 
(See SEWAGE TREATMENT 
SEWAGE WORKS) 


Sludge 
Treatment 
Works (See 


Sewage and Sludge Pumping R-199 


Sewage Pump Maintenance R-233 


Sewage Sludge as a Fertilizer R-304 


Sewage Treatment 

Activated Process 5 211, (66) R-271 
R-227 
R-283 
R-144 
R-247 
R-267 


Sludge 
By Streams 

Chlorination 

Equipment 

Grit collection and washing 
High-Rate 
Lagoons R-261 
Odor R-153 
Operations 65) R-225 
pH zones of 
Plant 


rrickling Filters 


control 


import 
Equipment 
Design 


Pumping Station 


Toxic waste limits 


Trickling Filter Operation 


sewage Works 
Books 
Financing 
Odor 


and literature 

control 

Operation 

Painting 

Plant 
Equipme nt 
Plant 


Pumping Design 


Tools 


Treatment 


and 


Equipment 


wer 

*b5) 

62) 

54) 

66) 

("54) R-184 

(56) R-68 
R-153 
R-329 
R-329 
R-202 
R-239 

with Cu SO, R-151 

Manholes, Locating Lost R-202 

Odor control "62) R-153 

Oil waste R-177 

R-237 

R-151 

R-23 

R-237 


Make 
Velocity and discharge in 
with Rubber Balls 


Breaking to Connections 
Clay, 
Cleaning Beach 
Design 

Financing 

Flow in 

Gases, Control of 
Jointing 
Laying and Jointing 
Locating 
Maintenance 


Maintenance 


exclusion 
maintenance 


copper sulfate 


Operation and 


Root control with 
(56) 


(65) 


Service Charges 


Sewer System, Operation and Maintenance 


(52), (53), ('54), (55) or ('56) 


Size and Slope, by Simplified Formula (54) R-203 


(66) R-270 


R-95 


Shafts, Align 


Silica, Activated ("66) 


Blaking, Lime .(°66) R-214 


Sludge 
Activated (See ACTIVATED SLUDGE) 
Beds, Weed Free 
Bulking (See ACTIVATED SLUDGE) 


Density to 


(66) R-318 


('53) 


(55) 


R-206 
R-291 


volume ratio 
Dewatering & Disposal 

Digestion (See SLUDGE DIGESTION) 
Disposal R-281 
R-305 


(55) 
Elutriation (°56) 
Fertilizer (See FERT'LIZER, SLUDGE) 

Gas engine (See GAS + NGINE) 

(65) 
("52) 
("54) 
("65) 
(56) 
('63) 


R-282 
R-167 
R-199 
R-304 
R-317 
R-1838 


Handling 
Lagooning 
Pumping 
Soil Improver 
Utilization of R-203, 


Volume Index Application 


Sludge Digestion 
And Utilization 
Chart for 
Digestion 


R-293 
R-290 
R-285 
R-308 
R-296 


(66) 
("55) 
(55) 
("55) 
(66) 


Determining Percent 


and Gas Utilization 


Garbage "62 R-159, 


General 
Small 

Water 

Water 


("66) 
(56) 


R-2 
R-192 


R-91, R-93 


administration 
Odor 


plant 


Plant Taste and Problems 


Seap Consumption and Water Hardness (62) 


Softening 
Economics (52) 

(56) 

('65) 


(53) 


R-91 
R-209 
R-213 

R-97 


of Water 


Iron Removal 


General 


Hardness Reduction vs. Removal 


Solids Disposal (56) R-292 


Solubility of Oxygen in Pure Water (62) R-64 


Sources of Water Supply ('"6) R-131, R-133 


Specifications, Steel Tanks (66) R-157 


Spot Test for Sulphides (54) R-208 


Spraying Methods for Disinfection of Small Tanks (63) R-77 


Squares and Square Roots (56) R-364 


Standard Design for Water Services (64) R-69 


State Sanitary Engineers Directory (63) R-214 


Statistics, Graphical Approach to (62) R-106 


Steel Tanks as Distribution Reservoirs (64) R-33 


Storage (See DISTRIBUTION SYSTEM, 
ELEVATED STORAGE, and TANKS) 
(66) R-34 


Storage, Maps and Plans 


Streams and Sewage Treatment (56) 


Streams, Equitable Use of ('65) 


Surfaces, Calculations of 


Surveys 
Supply, Source 
R-159 


R-293 


Pitometer 


Vacuum Filtration of Sludge 


Syndets 
In Municipal 
Measuring of 


R-324 
R-111 


Sewage 


Tests, Coagulation Control 


Tables (Also see CHARTS) 
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All subjects in this and previous issues are listed with the respective keys—(’52), (’53), (’54), (55) or ('56) 


snuneqccnqasssnenqsssssousseeseste (54) R-145 

R-103 
Fire streams (64) R-276 
Metric . (62) R-89 
Pounds of Chemicals per hr. for various pumpages and doses ("52) R-98 
Weights ..(°64) R-279 


areas of Circles, Squares, Square Roots . 
Equation of Pipes 


Conversion 


and Measures 


Tanks 
Capacity (66) R-363 
(63) R-77 

R-161, R-166 

ve (53) R-8O 

Nomograph . (53) R-132 

of — - (65) R-354 

(63) R-70 

(54) R-144 

. (64) R-33 
R-146, (56) R-157 


(65) R-355, 


table 


Disinfection, Spraying Methods for euievesmuamene 
Maintenance ..(°66) R-157, 
Pneumatic storage 

Rectangular capacity 
Rectangular, Volume 
Repainting 

Riser 


Steel 


Freezing Prevention 
Tanks as 


Storage Ele 


Reservoirs : pusenapena 
(62) R-109, (°55) 


ated 


Taps from Pipes .(°56) R-361 


Taste & Odor 

Activated ( R-123 
R-191 
R-119 
R-192 


Control ‘ ("53) 

(66) 
Cortrol  (°65) 
Plants . souee (56) 


arbon 
Ceneral 

Reservoi 
Water 


Small 


Terminology in Pumping (56) R-243 


Test, Filterability of Water (65) R-115 


Testing Water Meters R-68, R-69 


Testing, Well Pump : : - ‘ . (65) R-49 


Theshold Treatment (See CORROSION) 


Tools and Equipment for Sewage Works R-208 


Toxic Wastes, Limits for R-335 


Trailers, for Industrial Surveys R-328 


Transpiration by Trees (62) R-65 





Treatment 

See ACTIVATED CARBON 
ACTIVATED SLUDGE 
CHLORINATION 
CORROSION 
DISINFECTION 
INDUSTRIAL WASTES 
ODORS 
PRIMARY 
SECONDARY 
SEWAGE 
WATER 
WELLS 


Trees, Water Used by a eesceseusece 62) 


R-65 


Trenching Practice (66) 2-333 


Trickling Filters 

General (65) R-259 
R-267 
R-186 


High rate ("66) 


Standard rate operation (63) 


Truck, Chlorine Container (62) R-156 


Unaccounted-for Water (53) R-64 


Uprating Distribution Systems By Cleaning and Cement Lining ('54) R-23 


Utilization Digested Sludge ("56) 


R-293, R-317 


Utilization, Gas ('56) R-293 


Vacuum Filtration, Sludge (65) R-293 


Vacuum Filter Blankets (56) R-309 
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Valves 
Valves, 
Gate 
Loss in head (See LOSS OF HEAD) 
Maintenance 
Plug, Lubricated 


- (56) 
("54) 


R-142 
R-89 


altitude 





(65) R-187 
(56) R-149 


pocasneneuns (54) R-89, 





Velocities 

Clay sewer pipe ....... 

Pipes 
Venturi Meter (See METERS, MEASUREMENT) 
ctinnanatennmnasnninionmmnaennniniiintanmiaenasl (62) R-178 


R-183, (°65) R-345 


Vitrified Clay Sewer Pipe 


Volumes, Calculation of (65) R-351 


W 


R-166 
R-201 


Washer and Ejector, Grit ("52) 


Washing & Maintenance of Filters ('55) 


Waste, Water 
Blotting Out 
Leaks Waste — 
Reclamation and Disposal 


(56) R-22 
(62) R-29 
..(°64) R-219 
(62) R-29 


and 


Surveys 


Water 
Chlorination (°65) R-208 
(54) R-71 
.(°56) R-99 


Cooling Sch me, Underground ..... 
Corrosion ecccesecece 
Flow (See FLOW and HYDRAULICS) 
Filtration a — (56) 
Fluoridation (See FLUORIDATION) 


Hardness and soap consumption 


R-185 
R-91, (54) R-86 
(62) R-93 
R-85, R-91 


Hardness by states 

Hardness remova] ......... 

Head (See LOSS OF HEAD, HEAD) 
Losses 

Mains (See MAINS) 

Meters (See METERS) 

Pipes (See PIPE) 

Pitometer Surveys (See WASTE WATER) 
Rents with Sewer (52) R-139, 
Requirements 
Softening 
Supply 


.(°65) R-222 


R-23 
R-62 
R-209 
R-177 
R-133 
R-159 


(56) 
(53) 
R-97, ("56) 
("54) 


Sources . : (55) 


(52) R-91, (63) 
and Pollution Control 
Supply 
System, Pitometer Surveys ("5E 
Tanks (See ELEVATED STORAGE and TANKS) 

Treatment (See WATER TREATMENT) 

Unaccounted-for 

Trees 

Warm, Pumping of 

Waste (See WASTE, WATER) 
Waste Water Reclamation and 
Wells (See WELLS) 

Works (See WATER WORKS) 


Use by 


Disposal 


Water Main Disinfection "64) R-170 


Water Pipe Corrosion (56) R-99 


Water Plant Administration (56) R-27 


Watershed, Water Control (56) R-117 


Water Supply and Pollution Control 64) R-177 


Water Supply Control, Membrane Filter 56) R-106 


Water Supply, Dwindling of (56) R-114 


Water System Remote Control (56) R-78 


Water Treatment 


Activated Silica R-107, (°56) R-95 
Calgon 
Corrosion prevention 

Fluoridation (See FLUORIDATION) 
General (66) R-181 
(64) R-123 
(55) R-336 


(62) R-91, R-93, ('63) R-97 


Iron Removal and Softening 
pH zones 


Softening economics 
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Softening practices - 


(52) R-85 





Threshold Treatment for corrosion control 
Zeolite 


Water Use, Air Conditioning 


sevverveee(' 52) R-82 
Mag. 152 


(55) R-224 





Water Works 


(54) R-20 





Administration sonaee 
Compressed Air In 


("56) R-215 





(66) R-17 





Books and literature 


(54) R-69 





Design for 
Floods, Preparedness for 


(62) Mag. 141 





Flow Measurement . 


R-34 





Management Legal 


(56) R-113 





Operations 
Safety 


Weights and Measures ............. 


woe ("56) R-42 
(63) R-210 





Wells 


Chemical Cleaning 


- (°66) R-121 


. (°65) R-139 
(62) R-45 
(62) R-49 
»("52) R-49 


Operation and Maintenance 
Pumps 
Rating 
Sampling 
Weights of Materials (65) R-221 
(55) R-49 
(65) R-167 

(63) R-20, (65) R-36 














Well Pump, Testing 
What Leaks Cost 








Where the Water Dollar Goes 


Zeolite Softening ssvesseseseeeee 52) R-B5 
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AUTHOR INDEX-REFERENCE AND DATA SECTION—1952 through 1956 


Abrams, 
Albert 

Alexander, 
Angus, 


Backmeyer 
Baffa 

Barnes 
Baylis, 
Beckwith 


Bennison, FE 


Allen 
Paul M 
L. J 
Robert 
Applebaum, §& 


Da 
John J 
Lewis 


Home 


tennett, 


ternard, Harolk 


Black, A. P 


Black 
Blair, 


Bloodgood 


Charles 
George, 


Don 


Bowerman, F. F 


Burdick 


Bush 


{ 


trown, R. F 


Fred H 
John, H 


Surley 


amp, T. R 
Roy 


aster, A. D 


arter 
oburn, Stuart 
offman, Paul 
olebaugh, D 
ole, FE 
olony 
onn, I A 
ranch, E. T 
roft D H 


inningham 


Shaw 


M 


H 
Douglas 


Davis, S 


Drier 


Eldridge F 
Eliassen, Rolf 
End, W. F 
Enslow, I H 
Esty, Roger W 
Eye J D 


aust, S. D 
aust, Raymon: 
itegereld, R 
icky, J (See 
Frank I 


Edw 


lood 
onseca 
ord, David, J 
ord, John L 
rank, J. A 

rench, D. E 
rey, R. W 
Frick, Chas 
Friel 
Fuhrman, R. E 
Fuller, Nelson 
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John, R. 


Richard 
w. 


Charles 


William N 


Ww 


Francis 5 


, (65) R-337 
(65) R-340 (56) R-70 
(65) R-44 
(52) R-51 
R-85 


cH 


w. 
B . ( 


"62) 


R-159 
R-73 
R-224 
R-199 
R-52 
R-333 
R-139 
R-87 
R-99 
R-95 
R-209 
R-227 
R-109 
{ ) R-196 
"BS R-146 
R-290 
R-106 


("52) 
("65) 
("65) 
("55) 
(66) 
('56) 
(°65) 
("53) 
("55) 
("56) 


"B5) 


vid 


rE (63) R-64 (°55) R-222 


A 

Y ( 
E (62) R-167 (°63) R-183 (°54) 
4 (64) R-219 (°56) 
B (65) 
(65) 
66) 


R-35 
R-24 
R-328 
R-335 
R-84 
R-101 
R-29 
R-239 
R-318 
R-202 
R-324 
R-175 


E 
A. Jr 
Flicky, J 


and Hyndshaw 


(56) 

(56) 
("54) 
(°56) 


("56) 


B 


(53) 
(63) 


R-79 


F R-186 


(66) R-117 
R-99 
R-142 
R-17 
R-89 
R-68 


(62) R-79 (°66) 
("56) 
"B6) 
"B4) 


66) 


R-324 
R-37 
R-25 


R-111, 
J (55) 


("65) 


i, « 


Colebaugh, D.) 


L. (cee Tracy, Harry W.) 


R-133 
R-114 
R-166 


52) R-147 (°55) 


(5 
('66) 
M ( 


59 
52) 
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Gard, C. M. 157 
Gordon, W. 
Gotthardt, C. 
riffin, A. E. 
Griffith, J. R. ........ 
W. N. 


F. . 

R-166 
R-98 

R-175 

R-283 


(°56) 
(°52) 


Grune, ("56) 


Haentjens, W. D 
Hale, Frank E 
Hanes, G. C . 
Hardenburgh, W. A 
Haseltine, T. R 
Hay, Harold R. 
Head, E. W. 
Hess, Seth G. 
Heukelekian, H 
Higgins, William 
Hirsch, A. A 
Hite, H. O 
Hoak, R. D (52) 
Hommon, Chas. C. 
Honnaker, L. R. and 
Howard, Paul F 
Howson, Louis R 
Hudson, W. D 
Hunter, Homer A 
Huy, H. M 
Hyndshaw, A 


(53) R-179 (°564) R-211 (55) R-308 


H 


(54) R-113 (°55) R-89, 


Mag. 166 (54) R-177 


Monack, M. L 


(see Colebaugh, D.) 


R-305 
R-70 
R-332 
R-83 


Jaffe, T 56) 
Jackson, J. O. (53) 
Jewell, H. Wm BS) 
Joint Committe on Chlorine Supply R-39 


Karassik, Igor J 
Keefer, C. E 
Keith, Donald R 
King, Arthur C 
Knapp, Lloyd D 
Knowlton, K. F 
Krum, H. J M 


and Glace, I 


R-27 
R-99 
R-197 
R-47 
R-183 
R-189 
R-172 
R-91 
R-121 
R-214 
R-304 


56) 


R-20, (’ 


56) 


R *B4) 

Ill ( 
Ww (54) R-146 ('56) R-43 

(563) R-97 (°55) 

(56) 


(56) 


Wendell 


James, C 


La Due, 
Lamb, 
Langworthy, V 
Larson, T. E. 
Lathrop, T 
Lawlor, 
Leonard, ("56) 
Leveque, (65) 
G 
Lordley, 


H 


("56) 
"BB) 


(55) 


Linn, 


(54) R-134 { 


Lunt, 


McAmis, J. W 
McClenahan 

MacCrea, J. M. 
McDonald, John 
McMenamin 

Martin 
Martin, 


D. 


Geo 


Raymond 





Matheson, H 
Mathews, C. K 
Mavis, F. T 

Mellen, Arthur, F 
Meyer, Adolph F 
Mick, Kerwin 

Miller, Frank H 
Miller, H. J 

Miller, R. A 
Miramontes, Frank, C 
Mitchell, Robie L 
Mohiman, F. W 
Monack, M. L. (see Honnaker, L. R.) 
Monie, Wm. D 
Montgomery, John G 
Moore, Edward W 
Morgan, James M 
Murdoch, John H 


Neale, A. T 
Nester, N. W 
Neubling, Emil L 
Niemeyer, H. W 
Niles, A. H 
Nordell, Eskel 
Norris, Alfred O 
North, Ernest, C 
Nulty, T. D 


Palmer, Fred ( 
Parker, D. H 
Perkins, A. G 
Powers, E. ( 


Rand, M. ¢ 
Rawn, A. M 
Reid, G. W 
Rice, Owen 
Riddle, R. B 
Riepe, Gerald, 
Robinson, M 
Rockecharlie 
Root, D. H 
Rosapepe, J 
Roe, Frank ¢ 
Rubin, L 
Ruehl, E. H 
Ryon, Henry 


('55) 


65) 


52 


"b4) 


R-115 


R-192 
(65) R-32 
(68) R-128 
(55) R-216 

(52) R-65 
(55) R-127 


("56) 


R-245 (56) R-196 


R-96, 


(53) 


R-219, 


.(°55) R-312 

(56) R-49 
R-49 
R-184 
R-261 


(55) 
("54) 


(°55) 


(65) R-119 
(56) R-62 
R-197, R-102 
R-293 
R-34 


(65) 


{ 90? 


(66) R-117 
(54) R-276 


(54) R-32 


R-268 
R-109 
(56) R-337 

(52) R-82 


R-48 


('56) 


(56) 


152 
R-289 
R-35 
(56) R-23 
(565) R-267 
63) R-102 
*64) R-111 
"64) R-199 


(65) 


(’56) 


R-383 
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(66) R-157 
(65) R-1256 
_—— (66) R-209 
R-78, R-91. ('65) R-242, R-254, 
R-338, (°56) R-244, R-270, R-363 


Sampson, G. A. 
Sanders, F. A. 
Saunders, Daniel J. petenpecnses 
Schaphorst, W. F. ("54) 
R-321, 
Scovill, J. R. (see MacCrea, J. M.) 
Sears, W. H. (63) 
Shedden, W. L. ‘ : ("56) 
Shelton, M. G. -_ (55) 
Sigworth, E. A ("53) 
Smith, Alden ("55) 
Smith, Edward J. (see MacCrea, J. M.) 

Smith, Marsden C (54) R-69, (°55) R-57 
Snavely, C. H *6b2) Mag. 157 
R-320 
R-219 
R-204 
R-233 
R-16! 
R-185 
R-230 


(63) R-132, 


R-102 
R-309 

R-28 
R-123 
R-323 


Sommer, F. L 
(54) 


('66) 


Stone, Ralph 

Streicher, Lee 
Strudgeon, Geo. ("66) 
Symonds, A. M 
Symons, George E My *55) R-13, R-63, (56) R-17, 


(66) 


Symons, James, M (65) 


(65) R-355 
(566) R-149 
(66) R-136, R-359 
R-20 


Tarrant, 

Taylor, T. H. M 

Taylor, D. R. (62) R-57 
Tempest, Wm. F. (55) 
Thompson, James F. R-293 
Cc (64) R-55 
(63) R-77 


(65) 
Thoresen, T. 


Tracy, Harry W. and Fonseca, Edw. L 


Urban, Robert C (65) R-313 


R-203 
R-125 
R-106 


Van Kleeck, L. W ('53) 
Veatch, N. T (566) 
Velz, C. J 


("52) 


(65) R-337 
(64) R-33 
(64) R-141 


Wagner, C. L. 
Wells, C. Kenyon 
Weston, R. S 
Wilkenfeld, Jerome (55) R-122 
Wilkinson, J. B (53) R-80 
Wilson, P. S ("62) R-69, ('64) R-83 
Wisely, W. H R-133 


("53) 
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| For the Classified Index of Products See Pages R-3 Thru R-10 | 





A 
A.C.F. Valve Division R-151 
Alabama Pipe Co. R-126-127 
Allis Chalmers 4 page insert between R-48-49 
R-238 
R-226 
R-186 


American Vitrified Products Co. 
American Well Works 
Anthracite Equipment Corp. 


B 
R-61 
Beaumont Birch Co R-311 
Bethlehem Steel Company _R-168-169-170-171 
B-|-F- R-14-15 
Blackburn-Smith Mfg. Co. R-236 
Borden Metal! Products Co. R-344 
R-14-15 
R-47 


Bailey Meter Company 


Industries, Inc. 


Builders-Providence, Inc 


Byron Jackson Co 


Cc 


Chain Belt Company R-258 


Chemical Equipment Co. 
2 page insert between R-200-20! 
Chicago Bridge & Iron Company ..R-158-159 


Chicago Pump Company 
R-228-249-252-262-273-301-302-303 


Cleveland Trencher Co. R-332 
Cole Manufacturing Co., R. D. R-165 
Columbia Southern Chemical Co. R-93 
Combustion Engineering, Inc. R-316 
Control Corp R-8! 
Cook Well Strainer Co. R-120 


D 


Dorr-Oliver Inc. 
4 page insert between R-224-225 


Fischer & Porter Co. 
4 page insert between R-208-209 


R-72 
R-287 


Foster Engineering Co. 
Frontier Chemical Co 


G 


General Chemical Div. Allied Chemical 
& Dye Corp R-90 
1956 
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General Filter Co. 
Golden Anderson Specialty Valve Co. 
Graver Water Conditioning Co. 


H 


Hardinge Company, Inc. 


! 
International Minerals & Chemical Corp. R-220 


J 

R-254 
R-198 
R-132-133 


Jeffrey Manufacturing Company, The 
Jones Co., John Wiley 
Johns-Manville 


K 


Komline-Sanderson Engineering Corp. 
4 page insert between R-304-305 


R-256-257 
R-146 


Link-Belt Company 
Ludlow Valve. Mfg. Co., The 


M 
M & H Valve Fittings Company 
Millipore Filter Corp. 
Morse Boulger Destruction Co. 
Multiplex Manufacturing Co. 


Natco Corp. R-266 
National Clay Pipe Manufacturers, Inc. _R-242 
Neptune Meter Co. R-176-177 
R-173 


Nooter Corporation 


.e) 


Olin Mathieson Chemical Co. 
Omega Machine Co. 


P 


Pacific Flush Tank Co. 

Permutit Company 

Philadelphia Gear Works, Inc. 
Philadelphia Quartz Company 
Phipps & Bird, Inc. 

Pittsburgh Coke & Chemcial Co. 
Pittsburgh-Des Moines Stee! Co. 
Presstite Engr. Co. 


R-298-299 
R-212 
R-156 

R-94 
R-245 
R-105 

R-162-163 
R-240 
R-131 

R-14-15 


Price Bros. Company 


Proportioneers, Inc. 


Rensselaer Valve Co. 


Roberts Filter Mfg. Co. 


Schramm, Inc. 

Simplex Valve & Meter Co. 
Smith & Loveless, Inc. 
Smith, S. Morgan 

Smith Mfg. Co., A. P. 
Spring Load Mfg. Co. 


Taller & Cooper R-77 


Tennessee Corporation 
R-82, 2 page insert between R-96-97 


U 
U. S. Pipe & Foundry Co. 


w 
R-230 
R-206-282 
R-232 
R-294 
R-151 
R-51-235 


Walker Process Equip. Inc. 
Wallace & Tiernan, Inc. 
Western Machinery Co. 
White Diesel Eng. Div. 
W-K-M Mfg. Co., ACF Valve Division 
Worthington Corp. 


Y 


Yeomans Brothers Co. 
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